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In skeletal-muscle disabilities .. . 


Curbs spasn, relieves rigidity, 


and relaxes psychic tension 


Of all muscle relaxants in current use, only mepro- 
bamate is supported by hundreds of published clin- 
ical studies that demonstrate relaxing action on both 
the brain and the skeletal musculature. EQUANIL 
reduces muscular spasm and tension, aids in the 
restoration of mobility, speeds rehabilitation, lessens 
the emotional overlay. 

Prescribe it in spasm or tension secondary to: sprains, strains, 
contractures, fibrositis, myositis, low-back syndrome, frozen 
shoulder, cervical-rib syndrome, herniated intervertebral disk, 


wryneck, rheumatoid arthritis, rheumatoid or traumatic spon- 
dylitis, certain neuromuscular disorders. 


Wyeth Laboratories Philadelphia 1, Pa. 


ANNIVERSARY 


A Century of 
Service to Medicine 


Meprobamate, 
Wyeth 
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A continuing test 


BLAD DE began in April, 1958, when a group of 35 para- 


plegics was placed on the long-acting antibacterial, Madribon, for the first time. 
Cord bladders, chronic cystitis and some degree of pyelonephritis were of up to 
15 years’ duration. Prior to the introduction of Madribon, the use of various 
antibacterials had failed to prevent regularly recurring bladder flare-ups.* 


With the new antibacterial, MAD Ri BO N 


all infectious manifestations im- 
mediately stopped—“During the six 
months of observation, there was not 
one case of fever or chills that could 
be related to bladder flare-up.”* 
“_.. Side effect liability [was] nil, as 
manifested by the absence of all 
toxic reactions during the {six-month} 
period under observation.”* When 
patients required other medication 
for various conditions, daily Madri- 


bon continued “...without any com- 
90% effective ...withless than2% sideeffects _plications.”* 


once-a-day four-times-a-day 


MADRIBON / MADRIQID 


125-meg-capsule form of Madribon 
*W.A. Leff, Antibiotic Med. & Clin. Therapy 6: (Suppl. 1), 
44-48, Feb. 1959. 
MADRIBON®-— 2,4-dimethoxy-6-sulfanilamido-1,3-diazine 
MADRIQID™*: ROCHE® 


ROCHE LABORATORIES (= 
Division of Hoffmann-La Roche Inc ¢ Nutley 10 « N. 3. 
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in depression... positive and invaluable therapeutic results, but 


PLEASE DO NOT PRESCRIBE Catron 


pheniprazine hydrochloride 


UNLESS = « « the cautions and provisions for the use of this drug can be consistently applied to the management 
of your patients. (1) We make this request now because our surveys indicate that in approximately 50 per cent of patients, 
prescribed dosage of CATRON is higher than recommended, or prescriptions are not limited to amounts small enough to 
insure frequent return of the patient for observation. Also, in some instances, therapy was unduly prolonged. (1) CATRON 
has displayed outstanding efficacy in depression, angina, and rheumatoid arthritis. But because of the nature of MAO 
inhibitor therapy, your attention is directed to the extensive and useful instructions prominently displayed in our literature on 


CATRON, and repeated below. 


HOW TO USE CATRON: CATRON is a monoamine oxidase 
(MAO) inhibitor useful in the treatment of depression and 
of other disorders indicated below. It is recommended for 
use in carefully selected cases and in those patients who 
pon not responded to the milder drugs. 

ADM { AND DOSAGE: Dosage of CATRON must be 
individualized according to each patient’s response. The 
initial daily dose should not exceed 12 mg. and should be 
reduced as soon as the desired clinical effect is obtained. 
A single daily dose in the morning is recommended. A con- 
tinuous or interrupted schedule may be used, the latter 
during the maintenance period. 

DEPRESSION (Endogenous, Reactive, Postpartum, Involu- 
tional, and Depression Secondary to Schizophrenic or Neu- 
rotic Reaction): initially, 12 mg. once daily for approximately 
2 weeks, or less if improvement appears. Dosage is then re- 
duced to 6 mg. daily. As improvement continues, mainte- 
nance dosage of 6 mg. every other day or of 3 mg. daily 
often proves satisfactory. An interrupted dose schedule is 
recommended for long-term therapy. 

ANGINA PECTORIS: 3 to 6 mg. daily in most cases. Relief of 
pain and elevation of mood may be dramatic. Victims of 
angina pectoris who respond in this manner should be cau- 
ay against overexertion induced by their sense of well- 


REGMATOND ARTHRITIS (Adjunctive Therapy—in severely 
disabling forms, particularly when accompanied by depres- 
sion): 9 to 12 mg. daily for 3 days, then 6 mg. daily, reduc- 
ing further to 3 mg. daily on signs of improvement. If a 
conventional antiarthritic agent is used, lower doses of each 
are indicated. 

CAUTION: Certain circumstances should be watched care- 
fully when using CATRON. 

DRUG POTENTIATION —The list of drugs which CATRON po- 
tentiates is not yet complete. Hence, caution should be 
exercised when combining CATRON with any other drugs 
such as tranquilizers, phenothiazines, the amphetamines, 
barbiturates, and hypotensive agents. 

HYPOTENSIVE EFFECT—Patients receiving CATRON, but espe- 
cially elderly and hypertensive patients, should be warned 
about the possibility of orthostatic hypotension during the 
initial period of higher dosage. In the few instances where 
this may occur, lowering of the dose will usually permit con- 
tinuation of therapy. 

VISUAL DISTURBANCES—A reversible red-green color defect 
has been reported in a few patients, chiefly hypertensives, 
on extended therapy with CATRON. Discontinue the drug if 
such changes occur. In a few instances, at unusually high 
dosage, or where the drug was administered following color 
disturbances, diminished visual acuity occurred which may 
be partially irreversible. 

ANIMALS, NEUROLOGIC SIGNS—In toxicity studies with ani- 
mals a neurologic syndrome has been observed, character- 
ized by tremors, muscle rigidity and difficulty in locomotion. 


Animals displaying this visible neurologic syndrome after 
prolonged parenteral administration usually disclosed a 
neurologic lesion at autopsy. in other animals these visible 
neurologic symptoms disappeared following cessation of the 
drug. No lesions were found after oral administration. Al- 
though extensive clinical experience has not shown such re- 
actions to be a problem in humans in recommended dosage, 
should a similar neurologic disturbance occur, the possibil- 
ity of drug action should be considered. 
SIDE EFFECTS—Major side effects requiring cessation of 
therapy are infrequent. Other side effects—constipation, de- 
lay in starting micturition, increased sweating, hyperreflexia, 
ankle edema, blurring of vision, dryness of the mouth—are 
usually readily controlled by lowering the dosage. Rash, ob- 
served in a few patients, cleared up rapidly upon discon- 
tinuing therapy. 
WARNING: Although pharmacologic evidence indicates that 
CATRON has a selectivity for the brain, it, as well as other 
monoamine oxidase inhibitors, may cause hepatitis. Because 
of the possibility of this life-threatening hepatitis, and of 
other effects discussed above, the following recommenda- 
tions and precautions should be observed. If necessary, the 
patient should be hospitalized to expedite adherence to 
this regimen. 
The Following Precautions Are Recommended: 
1. Do not use the drug in patients with a history of viral 
hepatitis or other liver abnormalities. 
2. Perform regular liver function tests. 
3. In all instances daily dose should not exceed 12 mg. 
4. Reduce daily dose as soon as response is established, 
usually in a matter of 1 to 2 weeks. 
5. Do not prescribe to a patient more than sixteen 6 mg. 
tablets or thirty-two 3 mg. tablets of CATRON at one time. 
6. Patient should return for observation before additional 
CATRON is prescribed. For this reason, prescriptions for 
CATRON should be marked, “Not refillable.” 
SUPPLIED: CATRON is the original brand of pheniprazine — 
chloride. It is supplied in tablets of 3 mg. and 6 mg., bottles of 50. 
BIBLIOGRAPHY; (1) Agin, H. V.: The Use of JB- 
Conference on Amine Oxidase —o New York Acad 
ences, Nov. 20-22, 1958. (2) Ber N. ng 
to the Study of the Mind, Springhiela. ill., Charles C Thomas, 1959, 
Pp. 331. (3) Kinross-Wright, J.: Panel Discussion of Psychic Energizers, 
ibid. (4) Kinross-Wright, J.: Experience with JB-516 (CATRON) and Other 
Psychochemicals in Clinical Practice, Conference on Amine Oxidase 
= New York Academy of Sciences, Nov. 20-22, 1958. (5) Horita, 
., and Parker, R. G.: Comparison of Monoamine Oxidase Inhibito 
Eiiets of Iproniazid and Its Congener, Proc. Soc. Exper. Biol. 
& Med. 99:617, 1958. (6) Horita, Beta- Phenylisopropyihydrazine: A 
Monoamine Oxidase Inhibitor, ted Proc. 17:379 (7) Horita, A.: 
The Pharmacology of the Monoamine Oxidase inhibitors, in A Pharma- 
cologic Approach to the the Mind, Springfield, Charlies C 
p. (8) 3 and Prinzmetal, 4. Treat- 
ment of Angina Pectoris Nite CATRON B- 516), Am. J. Car 3:542, 
1959. (9) Scherbel, A. L., and Harrison, J. W.: The Effects of f iproniasid 
and Some Other Amine Oxidase Inhibitors in Rheumatoid Arthritis, Con- 


ference on Amine Oxidase Inhibitors, New York Academy of Sciences, 
Nov. 20-22, 1958. 
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FROM MARKED IMPROVEMENT 


to COMPLETE CONTROL 


of GRAND MAL SEIZURES 


wide margin of safety 


CLINICAL EVALUATION OF 486 
EPILEPTIC PATIENTS* SHOWED THAT: 


In patients who had received no previous 
anticonvulsant medication, 
“Mysoline” therapy alone provided marked 
improvement to complete control of major motor 
attacks in the majority of patients. 


In patients only partially controlled with maximum 
dosages of other anticonvulsants, 
the addition of ““Mysoline” therapy was followed by 
marked improvement to complete control of grand 
mal attacks in 39% of the patients. 


In patients refractory to maximum dosages 
of other anticonvulsants, 
“Mysoline” employed alone provided marked 
improvement to complete control of major motor 
attacks in 34% of the patients. 


In 39 patients with mixed seizures, 
“Mysoline” provided improvement to marked control 
in 49% of the patients. 


The dramatic results obtained with ‘“Mysoline” advocate 
its use as first choice of effective and safe therapy 

in the control of grand mal and psychomotor attacks. 
Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 
Literature on request. 


*Livingston, S., and Petersen, D.: New England J. Med. 254:327 
(Feb. 16) 1956. 


AYERST LABORATORIES 


New York 16, N.Y. Montreal, Canada 


“Mysoline” is available in the United States by arrangement with Imperial Chemical Industries, Ltd. 
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relieves both stiffness and pain with safety... sustained effect 


NOTABLE SAFETY—unusually low toxicity; no known contraindications: 
side effects are rare; drowsiness may occur, usually at higher dosage. 


RAPID ACTION—starts to act quickly. 
SUSTAINED EFFECT—relief lasts up to 6 hours. 


EASY TO USE—usual adult dosage is one 350 mg. tablet 3 times daily and at bedtime. 


Supplied 

as white, coated, 350 mg. 
tablets, bottles of 50. Also 
available for pediatric use: 


(carisoprodol Wallace) 


WW) WALLACE LABORATORIES, New Brunswick, New Jersey Literature and samples on request 


TA 


; 
250 mg. orange capsules, 
bottles of 50. 
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how does Mellaril differ from other potent tranquilizers? 


Mellaril 


THIORIDAZINE HCI 
specific, effective tranquilizer 


PDP, 
provides highly effective tranquilization, 
relieves anxiety, tension, nervousness, 


but is virtually free of such toxic effects as 
Jaundice 


Parkinsonism 
blood dyscrasia 


dermatitis 
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greater specificity of tranquilizing 
action results in fewer side effects 


Virtual freedom of Mellaril 
from major toxic effects is 
due to greater specificity 
of tranquilizing action 
—divorced from such 
“diffuse” effects as anti- 
emetic action. 


“Thioridazine [Mellaril] is as effective as the 
best available phenothiazine, but with 
appreciably less toxic effects than those 
demonstrated with other phenothiazines.... 
This drug appears to represent a major 
addition to the safe and effective treatment 
of a wide range of psychological disturb- 
ances seen daily in the clinics or by the 
general practitioner.”* 


Supply: MELLARIL Tablets, 10 mg., 25 mg., 100 mg. SANDOZ 


*Ostfeld, A. M.: Scientific Exhibit, American Academy of General Practice, San Francisco, April 6-9, 1959. 
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“the most 
effective drug 
against tremor.. om 


IN PARKINSONISM no other drug equals Parsidol in 
control of major tremor,'* a’key symptom of Parkinson’s 
disease. By improving fine finger dexterity and muscular 
coordination, Parsidol helps increase functional efficiency. 


Parsidol also brightens the patient’s outlook and his self- 
confidence is restored as he finds himself able to do more 
things with greater ease. Moreover, Parsidol is “very well 
tolerated by the geriatric patient,”!** who comprises two- 
thirds of the nation’s parkinsonian roster.’ Effective by itself 
Parsidol is also compatible with most other antiparkinsonian 
drugs.'?4 Most patients respond to a maintenance dosage 


of 50 mg. q.i.d. 
brand of 
PARSIDOL 
hydrochloride 


S PLAINS, 


PARKINSONISM 


. Schwab, R. S. and England, A. C.: J. Chron. Dis. 8:488 (Oct.) 1958. 
. England, A. C, and Schwab, R. S.: A.M.A. Arch. Int. Med. 104:439 (Sept.) 1959. 


1 
2 
3. Schwab, R. S.: Geriatrics 14:545 (Sept.) 1959. 
4 


. Doshay, L. J. et al.: J.A.M.A. 160:348 (Feb. 4) 1956. PAR-GPO2 
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and Brain Surgery 


(LYOPHILIZED VREA AND TRAVERT®) 


“Intracranial decompression was achieved in 42 patients by the use of 30 per cent urea in invert 

sugar solution. This resulted in excellent exposure of the brain and simplified neurosurgical procedures; 
also, it minimized the damage to normal brain tissue often incidental to intracranial 

manipulation. No important side effects were encountered. The clinical experience 

reported would appear to confirm Javid’s observation? that the use of this agent is 

generally far superior to other methods now known for 


intracranial decompression.” 
NEW SOUND-COLOR FILM... 


‘A new approach to the reduction of intracranial 
pressure with Urea-Invert Sugar (Urevert) 
The use of Urevert to facilitate intracranial surgery is herein discussed and 
illustrated. Clinical data are taken from case histories of more than 550 


patients treated at the University of Wisconsin for a variety of cranial 


SS disorders. 


Le Showings of this 19-minute film may be arranged by writing to Medical 


: \—S, Film Library, Travenol Laboratories, Inc., Morton Grove, Illinois. 
\ } 1. Taheri, Z. E.: Urevert in Cranial Trauma and Brain Surgery, J. Internatl. College of Surgeons 32:389 
| (Oct.) 1959. 
2. Javid, M.: Urea—New Use of an Old Agent, Reduction of | ial and Int lar Pressure, The 


Surgical Clinics of North America, Philadelphia, W. B. Saunders Company, Aug. 1958, p. 907. 


nc. products division of BAXTER LABORATORIES, INC. 
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MODEL M2 
ELECTROMYOGRAPH 


. presenting a new technique 
for the analysis of biological phenomena. 


Two independent channels. 

Visual presentation on two-beam oscilloscope. 
Audible presentation on loud speaker. 
Magnetic tape record. 

20-1 playback to graphic recorder. 


Ke} 
XXX) 


write for descriptive 
literature and prices on: 


ELECTROMYOGRAPHS 
ELECTROENCEPHALOGRAPHS 
STRAIN GAGE AMPLIFIERS 
RECORDER PAPER 
ELECTRODES 

SHOCK THERAPY EQUIPMENT 


(x) 


49, 


MEDCRAFT ELECTRONIC co 


426 GREAT EAST NECK ROAD, BABYLON, N.Y. 
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- Today’s approach to HEADACHE 


Clarifying nerve STRUCTURE and FUNCTION 
. Problems of CLINICAL NEUROLOGY 


F. A. DAVIS COMPANY, Publishers 


HEADACHE: Diagnosis and Treatment 


12 world authorities take up every practical aspect 


of headache in the first book of its type. 


Headache in your individual patient . . . that 
is the prime topic of this unique new book. A 
leading aed worker covers each special as- 
pect of headache, the role of various organs, 
other diseases, every new aid in diagnosis and 
treatment. 

How to treat each type of headache? You'll 
have specific help in the clear language of an 
outstanding worker. You'll have the latest aids 
for symptomatic relief, physiologic and psycho- 
logic treatment, important prophylactic consid- 


By 12 Authorities 
Edited by 
FRIEDMAN and MERRITT 


erations. A priceless feature is the full and out- 
spoken discussion of drugs analgesics, 
hypnotics, sedatives, tranquilizers, anticonvul- 
sants, histamine and antihistamines, diuretics 
and hormones. Ten big drug groups are keenly 
appraised for what they can do in the treat- 
ment of HEADACHE! 


“A much needed volume and should be of value 
to every physician confronted with the head- 
ache problem.”—NEUROLOGY 


Edited by ARNOLD P. FRIEDMAN, M.D., and H. HOUSTON MERRITT, M.D., Columbia University. 
411 pages, illustrated. $8.00. 


CLINICAL NEUROANATOMY and NEUROPHYSIOLOGY --Manter 


In the words of a leading neurologist, “Dr. 
Manter’s monograph is the neurologic hand- 
book for physicians in the practice of medicine.” 

Dr. Manter gives a graphic view of nerve 
structure and function. He sharply portrays 
the nervous system in a manner that shows the 
anatomical facts closely allied with functional 


and clinical aspects. He emphasizes that to 
recognize and fully appreciate organic disease 
of the brain or spinal cord requires not only a 
fundamental knowledge of the arrangement of 
parts, but also a clear conception of their nor- 
mal operation. A compact, pointed demonstra- 
tion of neuroanatomy in ACTION! 


By JOHN T. MANTER, Ph.D., M.D., Medical College of Georgia. 
147 pages, illustrated. $3.00. 


CLINICAL NEUROLOGY-- Alpers 


Dr. Alpers’ book closely adheres to its title, with 
constant stress on the clinical. 

The approach is always clinical—planned for 
transfer to general practice. Discussions are 
effectively patterned on etiology, pathology, 
symptoms, diagnosis, and treatment. This frame- 


work holds innumerable features that appear in 
no other neurology text. Double-column format 
for ease of reading, chapter outlines, tables of 
differential diagnosis, beautiful illustrations—all 
add to the pleasure of ownership. 


By BERNARD J. ALPERS, M.D., Sc.D. (Med.), Jefferson Medical College. 906 pages, illustrated. $11.50. 


| F. A. DAVIS COMPANY, 1914 Cherry Street, Philadelphia 3, Penna. 

SEND THE FOLLOWING ON APPROVAL: 

[[] Friedman & Merritt's HEADACHE: DIAGNOSIS & TREATMENT .............- $8.00 

[[] Manter’s CLINICAL NEUROANATOMY & NEUROPHYSIOLOGY .............. 3.00 
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relieves rigidity 

and reduces muscle spasm 
in the 

parkinson patient 


a new synthetic compound 


“‘Chlorphenoxamine (Phenoxene) exerts a gentle yet potent action . . . a muscle 
relaxant action also an energizing and stimulating action, without induction of 
excitement or agitation. Patients are able to move faster and more freely and with 
greater strength and longer endurance. It helps to loosen rigid muscles, and it 
successfully counteracts akinesia, tiredness, and weakness.”’* 


*Doshay, L. J., and Constable, K.: Treatment of Paralysis Agitana with Chlorphenoxamin: |’ , drochloride, J.A.M.A, 
170:37 (May 2) 1959. 


A REPRINT OF THE COMPLETE ARTICLE AND CLINICAL TRIAL SUPPLIES ARE AVAILABLE ON REQUEST. 


TMAN MOORE COMPANY 


DIVISION OF ALLIED LABORATORIES, INC. © INDIANAPOLIS 6, INDIANA 
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SQUIBB ANNOUNCES 


once a day 
dosage for 
the psychiatric 
patient 


wie 


Prolixin 


Squibb Fluphenazine Dihydrochloride 


Prolixin is a new, exceptionally effective behavior modifier with sustained and prolonged 
action for your psychiatric patients. Its extended action, permitting a single daily dose, 
has been thoroughly demonstrated in clinical trials..2 

Prolixin is particularly useful in the management of acute and chronic psychotic states 
characterized by agitation, excitement, explosive behavior and turbulence — in such 
conditions as schizophrenia, mania, psychoses due to organic brain disease, and senile 
psychoses. 

Providing lowered toxicity and maximum economy, Prolixin not only elicits a greater 
therapeutic response but also affords improvement in many patients previously refrac- 
tory to other phenothiazines. This is true whether the mental disorder is of short or long 
duration. 

The usual extrapyramidal symptoms encountered with other potent phenothiazine deriv- 
atives have been reported.!3 Less common effects have been hypotension,’ drowsi- 
ness,5 agitation,” restlessness,4 and anorexia.© Side effects have disappeared with 
reduced dosage or temporary discontinuance of the drug.2:5© ‘prounin is squies 


Dosage: Optimum dosage levels vary from patient to patient and must be de- 
termined individually. Most patients may be maintained on 1 mg.— 5 mg. daily, SQUIBB 


Supply: 1.0 mg., 2.5 mg., and 5 mg. tablets. References: 1. Taylor, I.J.: Clin. Res. 


otes 2:1 (Aug.) 1959. 2. Morrow, L.L.: Clin. Res. Notes 2:8 (Aug.) 1959. 3. \) Squibb Quality- 


Darling, H.F.: Dis. Nerv. System 20:167 (April) 1959. 4. Niswander, G.D., and the Priceless 
Karacan, |.: Dis. Nerv. System (In Press). 5. Freed, J.E.: Clin. Res. Notes 2:12 : 
(Aug.) 1959. 6. Weiss, 1.1.: Clin. Res, Notes 2:12 (Aug.) 1959. 7. Stevenson, L-E.: Ingredient 
Clin. Res. Notes 2:10 (Aug.) 1959. 
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REVIEW COURSES IN 


BASIC and CLINICAL NEUROLOGY 
April 25, 26, 27, 1960 
Preceding the 
1960 AMERICAN ACADEMY OF NEUROLOGY MEETING 
Eden Roc Hotel, Miami Beach, Florida 


CHILD NEUROLOGY—April 25, 1960. Dr. Paul Elwood. Fees: Juniors: 
$10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


NEUROCHEMISTRY—April 25, 1960. Dr. Maynard M. Cohen and Dr. Don- 
ald B. Tower. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; 
Non-members: $20.00. 


NEUROPATHOLOGY-—April 25, 1960. Dr. Erland R. Nelson. Fees: Juniors: 
$15.00; Fellows, Actives and Associates: $20.00; Non-members: $30.00. De- 
posit on slide box: $25.00 (all membership categories). 


CENTRAL NERVOUS SYSTEM INFECTIONS—April 26, 1960. Dr. Charles 
A. Kane. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non- 
members: $20.00. 


LANGUAGE DISORDERS—April 26, 1960. Dr. Joe Brown. Fees: Juniors: 
$10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


GENETICS IN NEUROLOGY-—April 26, 1960. Dr. Leonard T. Kurland. Fees: 
Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


ELECTROENCEPHALOGRAPHY-—April 27, 1960. Dr. Frank Morrell. Fees: 
Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


NEUROLOGIC ASPECTS OF INTERNAL DISEASE—April 27, 1960. Dr. 
Gilbert H. Glaser. Fees: Juniors: $10.00; Fellows, Actives and Associates: 
$15.00; Non-members: $20.00. 


NEURO-OPHTHALMOLOGY-—April 27, 1960. Dr. Nathan S. Schlezinger. 
Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: 
$20.00. 


In addition a special review course in Common Neurologic Diseases is offered 
to General Practitioners on Wednesday, April 27, 1960. The registration fee is 
ten dollars. Credit will be given by the American Academy of General Practice. 
This course is not available to members of the American Academy of Neurology. 


ENROLLMENT FOR ALL COURSES IS LIMITED 
Priority will be determined by date of application 
No application will be accepted after April 1, 1960 


Outline of each course, application and further information may be 
obtained from 


MRS. J. C. McKINLEY, Executive Secretary 
4307 East 50th Street, Minneapolis 17, Minnesota 
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removes the bars between patient and psychiatrist 


Tri lafon helps avoid apathy of sedation 


perphenazine 


controls tension while maintaining a clear sensorium 


Tri lafon helps the psychotic 


perphenazine 


function more effectively—shortens hospitalization’ 


Responsive psychotic patients on TRILAFON exhibit “...dramatic gaining of insight and 
appropriate judgement...clarity of thought and a clear understanding... .”” 


Available as Tablets, Injection, Liquid Concentrate. Consult Schering literature for indications, dosage and 
administration, precautions and contraindications. 


References: (1) Ayd, F. J., Jr.: New England J. Med. 26]:172, 1959. (2) Morgan, D. R., and van Leent, J. PR: M. J. Australia 45:696, 1958. 
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“R Day” 


for the neuritis patient 
can be tomorrow 


“R Day”—when pain is relieved—can come early for patients with 
inflammatory (non-traumatic) neuritis if treatment with Protamide 


is started promptly after onset. 


Protamide is the therapy of choice for either early or delayed 
treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study* a combined 
total of 374 neuritis patients treated with Protamide during the 
first week of symptoms responded as follows: 
60% required only 1 or 2 daily injections for complete relief 
96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— : 
affords the opportunity to speed his personal “R Day.” fi 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 


one ampul daily. 
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1. Lehrer, H. W., et al.: Northwest Med. 75:1249, 1955. 
2. Smith, Richard T.: New York Med. 8:16, 1952. 
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controls 
the acute 
psychotic episode 


elicits continuing 
cooperation 


promotes 
accessibility 


LITERATURE SUPPLIED ON REQUEST 


Sparine 


HYDROCHLORIDE 
Promazine Hydrochloride, Wyeth 
a. & INJECTION TABLETS SYRUP 


References: 1. Frain, M.K.: J. Nerv. & Ment. Dis. 


York State J. Med. 58:2056 (June 15) 1959. 
3. Lesse, S.: Am. J. Psychiat. 113:984 (May) 1957. 


Wyeth Laboratories, Philadelphia 1, Pa. 
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Formation of temporary cerebral 


connections in normal and 
brain-damaged subjects 


Charles E. Wells, M.D., and Harold G. Wolff, M.D. 


SINCE THE CHANCE but astute observations of 
Loomis, Harvey, and Hobart' and Durup and 
Fessard* over twenty years ago, it has been 
known that, when an individual is presented 
with sound and light stimuli in close temporal 
association, the auditory stimulus, which 
usually has no effect on the electroencephalo- 
gram, acquires the ability to abolish the alpha 
activity that is the usual accompaniment of 
presentation of a visual stimulus. While this 
observation elicited considerable interest and 
investigation in the years immediately follow- 
ing its notice,*-* many of its aspects remained 
largely unexplored until the past several years, 
when there has been a recrudescence of inter- 
est in this phenomenon. Some of this work has 
been done in man, in whom a variety of elec- 
trical correlates of temporary cerebral connec- 
tions have been described and evaluated.*-'® 
Much of the study has been done in experi- 
mental animals, with emphasis placed on 
the anatomic substrates responsible or neces- 
sary for the development of these connec- 
tions.*517-27 These studies have led to the 
elaboration of a postulate that these phenome- 


na were the result of connections made in the 
mesencephalic and thalamic reticular forma- 
tions, 

On the basis of these studies, it appeared 
important to investigate the development of 
temporary cerebral connections in the brain- 
damaged individual to learn whether this 
might throw light upon the functional and 
anatomic substratum necessary for the de- 
velopment of these connections in man. This 
study is thus directed toward comparing the 
development of these temporary cerebral con- 
nections in the normal individual and_ the 
brain-damaged subject without, at the mo- 
ment, attempting to evaluate the significance 
of such connections to learning or their role 
in behavior. 

Since only rarely have quantitative studies 
on the formation of this response been re- 


From the department of Medicine (Neurology) of the New 
York Hospital—Cornell Medical Center. 

Dr. Wells was a special trainee of the National Institute of 
Neurological Diseases and Blindness. 

Read at the eleventh annual meeting of the American Acad- 
emy of Neurology, Los Angeles, April 18, 1959. 


335 


336 NEUROLOGY 


LO-RO 


| 2 3 


Fig. 1. Electroencephalogram of normal 
subject before appearance of temporary 
cerebral connections. Arrow 1 indicates 
appearance of sound; arrow 2, appearance 
of light; and arrow 3, disappearance of 
both sound and light. Note disappearance 
of alpha activity cue appearance of 
light. 
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Fig. 2. Electroencephalogram of normal 

subject demonstrating presence of tem- 

porary cerebral connection. In this exam- 

ple, sound (arrow 1) is followed by dis- 

appearance of — activity before the ap- 
ight (arrow 2). 


pearance of the 
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Fig. 3. Electroencephalogram of another 
normal subject demonstrating presence of 
a temporary cerebral connection, as shown 
by disappearance of alpha activity follow- 
ing onset of sound (arrow 1) before the 
appearance of light (arrow 2) 


ported,*** it was necessary to study normal 
as well as brain-damaged subjects. Though the 
formation of temporary cerebral connections 
to sound plus light alone is known to be eva- 
nescent and variable when not reinforced by 
active or passive movement or by verbal stimu- 
lation, nevertheless, the response to the sound- 
light combinations alone was chosen as po- 
tentially the most valuable, since this de- 
manded nothing more of the patient with 
cerebral dysfunction than a fair degree of 
alertness. 


METHODS 


Studies were performed on 15 normal sub- 
jects and on 26 subjects with known cerebral 
damage. Table 1 lists the type of lesions and 
their location in the brain-damaged subjects. 
The subject was seated with his eyes closed in 
a quiet and semidarkened room. The pro- 
cedure was explained to him in general terms 
to allay fears regarding the test. Light stimula- 
tion was provided by a 150-watt bulb with 
white reflector placed approximately 12 in. 
from the patient’s face. Auditory stimulation 
was produced by a _ Beltone Audiometer 
through earphones delivering a sound to one 
ear of 500 cycles per second frequency at a 
level approximately 40 to 45 decibels above 
the level of audibility. A masking noise was 
utilized on the opposite ear to block out 
extraneous noises. Recording was made with 
a Grass Model III electroencephalograph. 
Bipolar recordings were made utilizing needle 
scalp electrodes placed in frontal, temporal, 
and occipital or frontal, parietal, and occipital 
areas bilaterally. 

The patient was first presented with a light 
stimulus of 3 seconds’ duration, repeated sev- 
eral times to determine that light provoked 
the usual suppression of alpha activity. This 
was followed by repeated sound stimuli, each 
stimulus lasting 4 seconds, until at least 5 
successive tone presentations failed to pro- 
duce any noticeable suppression of the alpha 
activity. Paired sound and light stimuli were 
then delivered to the subject, the sound ap- 
pearing 0.8 to 1 second before the light be- 
gan with both continuing simultaneously for 
3 seconds before discontinuance. The interval 
between the appearance of sound and light 
was timed automatically and remained con- 
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FORMATION OF TEMPORARY CEREBRAL CONNECTIONS 337 
TABLE 1 

Number of 

Subject Lesion Size® Location Connections 
1 Meningioma D Right frontal parasagittal 0 
2 Meningioma A Left frontal 3 
3 Arteriovenous anomaly D Right occipital 2 
4 Arteriovenous anomaly B Left parietal 5 
5 Meningioma B Right frontal 5 
6 Arteriovenous anomaly B Right occipital 3 
7 Meningioma B Left parietal 4 
8 Arteriovenous anomaly A Left parietal 4 
9 Ependymoma E Right parietal 5 
10 Meningioma Cc Right frontal parasagittal 3 
11 Arteriovenous anomaly B Right temperooccipital ll 
12 Meningioma D Floor of anterior fossa 3 
13 Meningioma E Tuberculum sella 4 
14 Meningioma B Left parietal 6 
15 Arteriovenous anomaly A Left parietooccipital 2 
16 Astrocytoma E Right frontal 8 
17 Metastatic carcinoma Multiple 3 
18 Astrocytoma Left temporal 2 
19 Injury Right parietal 4 
20 Cerebral degeneration Diffuse 4 
21 Metastatic carcinoma Multiple 4 
22 Encephalopathy Diffuse 4 
23 Arterial insufficiency Basilar artery 4 
24 Glioma Brain stem 1 
25 Cerebral embolism Right middle cerebral artery 1 
26 Astrocytoma Left temporal 2 


*Size of lesion in amount of cerebral tissue removed: 


A indicates less than 30 gm. 
B indicates 30-60 gm. 
C indicates 60-90 gm. 


stant in each subject. The paired stimuli were 
presented 50 times at random irregular time 
intervals to avoid cyclic conditioning and to 
attempt to present the stimuli when alpha 
activity was most prominent. 

The choice of 50 paired stimulations was 
made because, in many subjects, particularly 
those with brain damage, it was difficult to 
maintain any semblance of alertness with a 
more prolonged test period. All subjects 
showed an alpha rhythm present for at least 
50% of the test period, though many of them 
failed to show the high constancy of alpha 
present in most subjects previously reported, 
who were often expressly chosen because of 
the prominence and constancy of their alpha 
~otivity. 


D indicates 90-120 gm. 
E indicates 120-150 gm. 


A temporary cerebral connection was con- 
sidered to have occurred when the alpha 
rhythm was obliterated or strikingly de- 
pressed after the presentation of the tone 
and before the appearance of the light. The 
number of connections occurring and _ their 
sequence of appearance were determined and 
comparison made between the normal subjects 
and those with brain damage. Typical exam- 
ples of the records before and after the de- 
velopment of the temporary cerebral con- 
nections are shown in Figures 1, 2, and 3. 


RESULTS 


Table 1 records the type, location, and size 
of lesion if known and the number of tempo- 
rary cerebral connections appearing in the 
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brain-damaged subjects. Table 2 records the 
number of temporary cerebral connections oc- 
curring in the normal subjects. 

These observations show that, in the 15 
normal subjects, the number of temporary 
cerebral connections appearing in 50 paired 
sound-light stimulations ranged from 8 to 16, 
with a mean of 10.8 and a standard deviation 
of +2.2. These figures indicate that, in 21.7% 
of the paired presentations, sound was effective 
in suppressing the alpha activity before the 
appearance of light. These figures are lower 
than those presented by Travis and Egan,* 
but their patients were more selected with 
respect to good alpha activity and they read 
only the presentations occurring when alpha 
was present and prominent. In Figure 4, the 
average number of connections for each group 
of 10 presentations is given, showing the per- 
sistence of the response with prolonged testing, 
as has been noted also by Travis and Egan,* 
though at a lower level after the first 10 pres- 
entations. 

In the 26 subjects showing varying degrees 
of brain damage, the number of temporary 
cerebral connections ranged from 0 to 11, 
with a mean of 3.7 and a standard deviation 
of +2.2. These figures show that, in 7.4% of 
the total presentations, sound was effective in 
suppressing alpha activity before the appear- 
ance of the light. Figure 4 demonstrates the 
average number of connections occurring for 


TABLE 2 


NUMBER OF TEMPORARY CONNECTIONS 
IN NORMAL SUBJECTS 


NEUROLOGY 


each 10 presentations, demonstrating the 
tendency for the connections to occur less and 
less frequently with repeated presentations in 
the brain-damaged group in contrast to the 
observations that were made in the normal 
subjects. 

Statistical evaluation of these results re- 
veals the probability of obtaining such a dif- 
ference in total number of connections oc- 
curring in normal and brain-damaged subjects 
by random sampling to be less than 1%. Thus, 
the patients having brain damage established 
significantly fewer temporary cerebral con- 
nections than did the normal group. Figure 
5 demonstrates the differences between these 
2 groups in graphic fashion. 

Subjects 1 to 16 in the group with cerebral 
dysfunction were part of a group of patients 
evaluated much more extensively and elab- 
orately for appraisal of cerebral function. 
These patients were studied for development 
of temporary cerebral connections from one 
year, four months to nine years, eleven months 
following successful operations for removal of 
intracranial neoplasms or arteriovenous ab- 
normalities. The site and extent of tissue re- 
moved could be specified in each instance. 
In none was the thalamus or brain stem in- 
volved by the lesion or its resection. Evalu- 
ation of the results in this group of patients 
failed to reveal a significant correlation be- 
tween the number of temporary cerebral con- 
nections developed and the size and location 
of the known cerebral lesions, the number of 
presentations necessary to develop a condi- 
tioned reflex by conventional methods of test- 


Subject oniatioonnascicadl ing, or the ability to perform the Halstead 
battery for psychologic evaluation. 
3 12 DISCUSSION 
4 8 These studies indicate that subjects with 
5 10 gross structural brain damage developed sig- 
6 ® nificantly fewer temporary cerebral connec- 
7 13 tions as measured by the electroencephalo- 
graph than did normal subjects. No correla- 
® 6 tion could be established between the location 
” 18 of the brain lesion and the number or tem- 
= poral patterning of the temporary cerebral 
- connections. Whether the lesions were frontal, 
% parietal, occipital, temporal, or diffuse, for- 
mation of temporary cerebral connections was 
wes . impaired. No specific correlation between the 
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size of the lesion and the degree of impair- 
ment of formation of temporary cerebral con- 
nections could be demonstrated, but the 
range of normal responses was so wide in these 
studies that no exact correlation could have 
been expected. 

Nor was any correlation demonstrated be- 
tween the development of this response in 
the patients with brain damage and _ their 
scores on the Halstead battery or their ability 
to develop conditioned reflexes as tested by 
more conventional methods. Thus, whatever 
the functional significance of temporary 
cerebral connections may be, there is little in 


Average connections per 10 presentations 
a’) 


fs) 10 20 30 40 50 


Fig. 4. Diagram of the average number of 
connections appearing in each group of 
10 presentations. The solid line indicates 
the group of normal patients and the 
dotted line, the patients with brain damage. 
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2 

BRAIN-DAMAGED 
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5 26 


Fig. 5. Diagrammatic presentation of 
number of temporary cerebral connections 
occurring in the 15 normal subjects as com- 
pared with the 26 subjects with brain 
damage 


this small series to suggest that their develop- 
ment is equated either with functional cere- 
bral ability as measured by psychologic tests 
or with the ability to develop the usual con- 
ditioned reflexes. 

In recent years, emphasis has been turned 
from the importance of the cerebral hemi- 
spheres in the development of temporary 
cerebral connections to the importance of the 
mesencephalic and thalamic reticular forma- 
tion. While these present observations in no 
way oppose the concept that structural and 
functional integrity of the brain stem and 
thalamic reticular formation are needed for 
the formation of temporary cerebral connec- 
tions, the observations that the development 
of such connections are impaired in lesions 
that do not involve the thalamus or brain 
stem suggest that this is not the entire sig- 
nificant anatomic substrate. The impaired 
formation of temporary cerebral connections 
in purely suprathalamic lesions suggests that 
the functional interaction of the cerebrum, 
thalamus, brain stem, and distance receptors 
are essential to the normal formation of these 
connections and again that the integrated 
function of the nervous system as a whole is 
greater than its single parts. 

The knowledge that removal of brain tissue 
from the suprathalamic regions in lower ani- 
mals does not interfere with formation of 
temporary cerebral connections in them in no 
way obviates these observations in man. Man, 
with his more elaborately structured cerebral 
hemispheres, might be expected to react differ- 
ently from lower animals, and it is well known 
that striking differences exist in the type and 
ease of development of certain temporary 
cerebral connections in animals as compared 
to their development in man. 


SUMMARY 


The development of temporary cerebral 
connections in normal and brain-damaged sub- 
jects has been studied. The brain-damaged 
subjects developed significantly fewer tem- 
porary cerebral connections than did the nor- 
mal individuals. The importance of the cere- 
bral hemispheres in addition to brain stem 
and thalamus in development of these con- 
nections is emphasized. 
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Paroxysmal compulsive running 
and the concept of epilepsia cursiva 


Hans Strauss, M.D. 


Bootius,' in 1619, first used the term “Epilep- 
sia cursiva” to characterize the phenomenon 
of running as a symptom of a paroxysmal dis- 
order. Similarly, Hartmann and di Gasperro** 
speak of “Epilepsia cursoria.” Nonne* uses the 
term “Epilepsia procursiva” to denote the for- 
ward direction of the running movements in 
contrast to Lamois (quoted by Nonne), who 
referred to patients with backward running 
movements as suffering from “épilepsie rétro- 
pulsive.” English speaking authors disregard 
the direction of the movement and use the 
terms “running fits” or “running epilepsy,” 
while the Germans correspondingly write of 
“Laufanfall” and “Laufepilepsie.” 


CLASSIFICATION OF PREVIOUS OBSERVATIONS 


All the patients described under these vari- 
ous terms have 2 things in common: [1] they 
suffer from a paroxysmal disorder and [2] 
they display running movements at one time 
or another as one of the manifestations of this 
disorder. However, the mechanics of the run- 
ning within the framework of the paroxysmal 
disorder and its psychophysiologic mechanism 
have barely been discussed, much less clarified. 
In fact, it will become evident from the sub- 
sequent discussion that no one mechanism ac- 
counts for the running in all cases. 

Erastus,* in 1581, described an epileptic 
patient who ran for a long period of time, half 
an hour, in a state of disturbed consciousness. 
The patient avoided objects during the run- 
ning and had complete amnesia for the epi- 
sodes. Similar observations are mentioned by 
Nonne*® and Wilson® and another case is de- 
scribed by Penfield and Jasper.* Lately Sisler, 
Levy, and Roseman’ described several cases 
with this type of behavior. All, except one, had 
either impaired or no recollection of the epi- 


sode. Accordingly, the authors define a run- 


ning fit as “an episodic alteration of awareness 
associated with running.” All their cases had 
electroencephalographic evidence of a gen- 
eralized dysrhythmia with temporal spikes. 
The patient of Penfield and Jasper had bi- 
laterally synchronous runs of 6-per-second ac- 
tivity from the temporal regions. It seems that 
these cases represent attacks of epileptic auto- 
matism or ictal twilight states. The running 
during the attacks is understandable as an 
action precipitated by the dreamlike experi- 
ences of the patient during the attack. This is 
evident in the description by Sisler and associ- 
ates; one of their patients, for example, had 
previously been terrified when he awoke from 
anesthesia before the completion of an appen- 
dectomy. During his attack, he would run out 
of the house crying: “You ain’t going to operate 
on me; I'll die first.” 

In another group of patients, the running 
occurs immediately after a major convulsive 
episode. Here it is part of a postictal twilight 
state. The same considerations explaining the 
running in the ictal twilight states would seem 
to apply to this group. 

Finally, a third group of patients have short 
episodes of running, usually only a few steps, 
before falling in a state of unconsciousness 
with or without convulsive movements. This 
was described first by Bootius' in 1619 and is 
mentioned by Gowers,® Gruhle,® Nonne,* and 
Wilson.’ Andree,’® in 1746, described 2 pa- 
tients who may belong in this group. Hewever, 
the description is not sufficient to permit a 
definite diagnosis of true convulsive disorder. 
These patients, as contrasted with those men- 
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tioned previously, manifest running as a pre- 
ictal phenomenon. No information is available 
as to whether this preictal running is a con- 
scious reaction of the patient to sensations 
heralding the approaching seizure or due to 
other causes. 


A fourth pattern of a running seizure, en- 
tirely different from those described previously, 
is reported below. 


Right frontal-Vertex 


Electroencephalogram before treatment. For description, see text. 


CASE REPORT 

This boy was initially seen at the age of 11. He 
was the first of 2 children. There was no family 
history of convulsive disorder. He had a full term 
normal delivery and weighed 6 lb., 2 oz. at birth. 
The mother’s pregnancy was normal. As an infant, 
he had an allergy to orange juice, which caused a 
rash. He developed normally, walked at 14 months, 
and talked at about 18 months. He had been a 
good student in school. He had chickenpox at 
about 4 years of age, rubella at 5, and rubeola at 
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PAROXYSMAL COMPULSIVE RUNNING 


7. None of these infections was associated with any 
disturbance of consciousness. At 8 years of age, 
he had a high fever of unexplained origin, which 
lasted about twenty-four hours. When going to 
sleep that day, he was incoherent. He was en- 
tirely clear mentally on the next day. There was 
no convulsion. He never had a head injury with a 
disturbance of consciousness. He occasionally 
talked in his sleep. 

His attacks started about one year before the 
first examination. They became more frequent 
during the summer, when he had 2 attacks six 
weeks apart in July and August. Three weeks 
before the examination, he had 3 attacks on one 
day, 2 on the following day, and 2 on the next 
day. The patterns of the attack were as follows: 
If he was sitting, he would rise and run. If he was 
in his house, he ran to his room and back. If he 
was outside the house, he ran around the house. 
This lasted less than one minute. When he began 
to run, he usually vocalized a “whoop” or “yell.” 
He explained that, before the yell, he experienced 
a shock that went through his whole body, like a 
“grit,” a sensation he could not describe in any 
more detail. During the entire attack, he knew 
what he was doing. He stopped running when told 
to do so. He looked pale during the attack and 
had a sheepish expression. Afterward, he felt 
perfectly well. Once, when he had an attack in 
school, he was afraid to run around the classroom 
and make himself ridiculous. Therefore, instead of 
running, he made the shuffling movements that 
children make when imitating a locomotive and, 
at the same time, made corresponding noises. 
Sometimes, he had the sensation of the shock 
going through his body, but this was not followed 
by running. Also, at times he was able to suppress 
the impulse to run, and, although he felt that he 
should run, he did not do so. This was done with 
considerable effort. 


The patient was intelligent and presented no 
behavior problem. Neurologic examination was 
entirely normal. The skull was not sensitive to 
percussion in any region. Auscultation did not 
reveal a bruit. The carotid arteries pulsated freely. 
Blood pressure was 110 systolic and 70 diastolic; 
pulse was 75. 

An electroencephalogram disclosed alpha waves 
with frequencies from 9 to 10 cps and a maximum 
voltage of 160 yv. They occupied 90% of the record 
in the occipital leads and showed a normal dis- 
tribution. There was much beta activity with fre- 
quencies close to 25 cps and voltages up to 15 
pv. A very large amount of 0.7- to 3-cps activity 
with a voltage up to 250 yv. and with interspersed 
single and multiple spikes appeared at the right 
frontal electrode and often simultaneously, although 
of lower voltage, at the right anterior temporal 
electrode. Spikes were also occasionally present at 
the left frontal electrode simultaneously with the 
right frontal spikes but with much lower voltage 
(Fig. 1). Hyperventilation induced a large amount 
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of 1.5- to 3-cps activity at the right temporal 
electrode. 


The patient was given 0.1 gm. of Dilantin So- 
dium twice daily. This did not control the attacks, 
and the dosage was increased to 0.1 gm. three 
times daily. No further attacks occurred with this 
medication. A record obtained four weeks after the 
medication was started showed no abnormalities 
during the resting state. However, hyperventilation 
induced a large amount of 3- to 5-cps activity 
with rare single spikes at the right frontal electrode 
(Fig. 2). 

DISCUSSION 


In view of the electroencephalographic ab- 
normality and the electroencephalographic and 
clinical improvement with anticonvulsant 
medication, one cannot doubt that this pa- 
tient has so-called running epilepsy. However, 
this case differs from all the others described. 
This patient has no disturbance of his state of 
consciousness, is fully aware, and has a com- 
plete recall for what he is doing. While he 
cannot explain why he has to run, he can resist 
the impulse to run with great effort or can 
transform the simple running into a more 
meaningful and complicated form of locomo- 
tion, for example, shuffling his feet and imitat- 
ing a locomotive. This characterizes the run- 
ning of this patient as a form of paroxysmal 
compulsive behavior. This observation, there- 
fore, adds a new type of running fits to those 
enumerated above. 

While the sudden running is also reminis- 
cent of the impulsive actions of catatonic pa- 
tients, the fact that this patient is aware of 
the impulse and can suppress or modify his 
activity would characterize his behavior as 
compulsive rather than resembling the impul- 
sive acts of catatonia. 

It becomes apparent, therefore, that paroxys- 
mal running can occur in a convulsive dis- 
order in at least 4 different forms: [1] within 
the framework of an ictal twilight state, [2] 
within the framework of a postictal twilight 
state, [3] as a preconvulsive phenomenon, and 
[4] as an attack of paroxysmal compulsive be- 
havior. Hence, in terms of our present knowl- 
edge, one should not speak of “Epilepsia 
cursiva” or running fits but should characterize 
the fits more exactly as [1] epileptic twilight 
states or epileptic automatism with running, 
[2] preconvulsive running, or [3] paroxysmal 
compulsive running. 
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While I have not seen any other patient with 
the same disturbance, another patient showed 
identical compulsive trends in a mitigated 
form. This was a 32-year-old man who, as the 
sequelae of a postencephalitic cerebral lesion, 
suffered from a left sided hemiparesis with 
focal motor seizures involving the left arm and 
face. Particularly when sitting at home during 
the evening, he had frequent episodes in 
which he got the impulse to run around the 
room or out into the street. He always sup- 
pressed this impulse in order not to upset his 
mother. Electroencephalograms were repeated- 
lv normal. 

These observations demonstrate that com- 
pulsive phenomena may occur as manifesta- 
tions of a localized irritative cerebral le- 
sion.*:!! Like these other observations, it again 
demonstrates that phenomena usually seen in 
the psychoneuroses and so-called functional 
psychoses can occur on the basis of localized 
cerebral lesions, a fact stressed and supported 
with numerous observations for many years by 
Kleist.'2 

The occurrence of compulsive phenomena 
with organic brain disease has been known 
since first described with the oculogyric crises 
of parkinsonism. Brickner, Rosner, and Mun- 
ro'® called attention to the occurrence of such 
symptoms in other forms of cerebral disorders, 
including brain disease with paroxysmal dis- 
turbances. However, no previous observations 
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are available that show the occurrence of 
compulsive activity without disturbance of 
consciousness as the only sign of a paroxysmal 
disorder. The questions of why the compulsive 
activity appears as this form of running in the 
present case and not in some other form of hy- 
perkinesia and whether the particular form of 
compulsive activity is determined by abnormal 
discharges in a specific neuronal system or by 
the personality make-up and previous experi- 
ences of the patient cannot be answered at the 
present time. 

While the electroencephalogram leaves no 
doubt about a focal lesion in the right frontal 
lobe, the nature of this lesion is not known. 
However, the course of the disorder with rapid 
improvement of the  electroencephalogram 
makes a progressive type of lesion, in particular 
tumor, quite unlikely. The main diagnostic 
possibilities would seem to be a vascular or 
other malformation or a scar caused by birth 
trauma, postnatal trauma, or an encephalitic 
process. 


SUMMARY 


A case of running epilepsy, in which the 
running appears as a form of paroxysmal com- 
pulsive activity, is described. The mechanism 
in other cases of running epilepsy is discussed. 
The similarity of the compulsive phenomena 
of this patient with those in the neuroses and 
psychoses is stressed. 
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Central pontine myelinolysis 


with other cerebral changes 


A report of 2 cases 


Gordon Mathieson, M.B., Ch.B., and Jerzy Olszewski, M.D., Ph.D. 


ATTENTION HAS RECENTLY been drawn by 
Adams and his associates! to a condition char- 
acterized by a strikingly symmetrical, centrally 
placed pontine lesion in which myelin loss is 
the outstanding feature. We consider that the 
following 2 cases are of interest because they 
provide further examples of this rare condition 
and, in both instances, present additional un- 
usual lesions in the brain. 


CASE REPORTS 


Case 1. A 9-vear-old boy was admitted to 
Montreal Neurological Institute on March 18, 
1950, and died on May 6, 1950. Three weeks 
before his admission, he was recovering un- 
eventfully from mumps, in which he had had 
bilateral parotid swelling. The 11 other sib- 
lings in the family had had mumps at about 
the same time. 

Two weeks prior to admission he was noticed 
to be quieter than usual; within the next day or 
two he became drowsy and was easily awak- 
ened but did not move much spontaneously. 
At times he did not reply when spoken to, and 
occasionally it was clear that he had forgotten 
events which had occurred on the previous 
day. His legs became stiff and he became 
unable to use his hands to feed himself. He 
did not complain of headache. His tempera- 
ture on the second and fourth days of his ill- 
ness was said to have been normal. There was 
no vomiting and he was not incontinent. Dur- 
ing the ensuing two weeks, his condition re- 
mained essentially unchanged. 

Cn admission to Montreal Neurological In- 
stitute on March 18, 1950, he had a tempera- 
ture of 100.5° F. and appeared pale, thin, and 
dehydrated. He lay quietly in bed with his 
eyes open and, although drowsy, he was read- 


ily aroused to obey simple commands; he did 
not speak. The optic fundi appeared normal. 
Pupillary reactions and eye movements were 
also normal. The face was symmetric but 
facial movements were slow. He was unable 
to open his mouth widely, and protrusion of 
the tongue was limited and tremulous. There 
was increased resistance to passive movement 
in all muscle groups, and fine movements of 
the hands were performed slowly and accom- 
panied by a fine tremor. Apart from this 
tremor, however, no involuntary movements 
were observed and there was no loss of power. 
Superficial and deep reflexes were within nor- 
mal limits. 

The clinical diagnosis at this stage was en- 
cephalitis following mumps. Another etiologic 
factor, however, was considered; one week be- 
fore the onset of his illness, an ailing horse on 
his parents’ farm had to be destroyed and the 
father was told that the horse had suffered 
from brain disease. 

Lumbar puncture on March 19 yielded clear 
fluid at a pressure of 190 mm. Its protein con- 
tent was 62 mg. per cent and it contained 24 
lymphocytes per cubic millimeter. The punc- 
ture was repeated on March 30. The fluid was 
again clear and had a pressure of 195 mm.; it 
contained 26 mg. per cent of protein and 13 
lymphocytes per cubic millimeter. X-rays of 
the skull and chest failed to demonstrate any 
abnormality. 

On the third day, he developed a constant 
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extensor rigidity which persisted until his 
death. Superimposed upon this were frequent 
episodes of increased rigidity with arching of 
the back, upward gaze, trismus, and increased 
salivation. The pupils continued to react to 
light, the corneal reflexes were preserved, and 
the plantar responses remained flexor. Sen- 
sory stimuli did not precipitate these exten- 
sor spasms. Passive turning of the head usually 
arrested the spasms at once, as did pressure 
against the soles of the feet. At times, when 
sedation was light, there were indications that 
the patient was aware of his surroundings. The 
sedatives given were barbiturates, chloral hy- 
drate, and paraldehyde. He also received peni- 
cillin and Aureomycin daily. 

On the thirty-second day he developed an 
eruption which was scarlatiniform on the trunk 
and morbilliform on the extremities; it was 
hemorrhagic on the right side and absent from 
the face. This eruption was believed to be due 
to drugs and faded spontaneously six davs 
after withdrawal of antibiotic medication. 

Toward the end of April the patient’s nu- 
tritional state deteriorated steadily. He de- 
veloped diarrhea, occasionally with blood, and 
died on May 6, 1950. The total duration of 
his illness was nine weeks. 

Pathologic findings. Examination of the 
trunk showed 2 ulcers in the duodenum, 1 of 
which had perforated, resulting in a fibrino- 
purulent peritonitis. 

In the brain, which was normal in size, the 
head of the caudate nucleus and the oral part 
of the putamen were markedly diminished in 
size bilaterally with consecutive enlargement 
of the corresponding portions of the lateral 
ventricles. The putamen and the head of the 
caudate nucleus were very soft and on cut 
section had a glittering, granular appearance. 
The consistency of the internal capsule and of 
the pallidum seemed to be unchanged. In 
some places the putamen and also the claus- 
trum appeared darker than normal. All these 
abnormalities were bilateral and symmetric. 
The cerebral cortex, the white matter, the 
thalamus and hypothalamus, the lower brain 
stem, and the cerebellum appeared normal on 
naked-eye examination. 

Microscopic examination revealed lesions in 
the pons, cerebellum, and striatum. A single, 
centrally placed, symmetric area of demye- 
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lination was present in the pons (Fig. 1). It 
affected mainly the more dorsally situated 
transverse pontine fibers and had a sharply 
defined, slightly irregular margin. A few scat- 
tered myelin sheaths were still present within 
the affected region and showed a minor degree 
of beading. In contrast to this severe involve- 
ment of the myelin sheaths, Bodian silver im- 
pregnation revealed well-preserved axis cylin- 
ders of normal appearance (Fig. 2). The neu- 
rones constituting the part of the nucleus 
grisei pontis which lay within the lesion were 
intact and had a normal content of Nissl sub- 
stance (Fig. 3). Scattered throughout the le- 
sion were numerous large phagocytes with 
abundant granular cytoplasm. In Heidenhain 
preparations, some of the granular material 
in these cells stained the deep blue color of 
myelin (Fig. 4). Collections of lymphocytes 
together with a few plasma cells were seen 
within the Virchow-Robin spaces of small 
veins (Fig. 5). There was no polymorphonu- 
clear reaction. Cellularity of the tissue was in- 
creased throughout the lesion and accentuated 
at its margin. Many of these cells were react- 
ing microglia; some were lymphocytes with a 
few admixed plasma cells; others, with large 
vesicular nuclei and scanty eosinophilic cyto- 
plasm, were interpreted as reactive astrocytes. 
In addition, there were some cells the identity 
of which remained in doubt. 

The cerebellar lesion, confined to the deep 
white matter, consisted of an area of tissue 
rarefaction about 1 cm. in diameter. Here 
there was considerable myelin loss and the 
remaining myelin showed severe beading. Glial 
and leukocytic reaction was completely absent. 
The lesion included within its boundaries the 
dentate nucleus, the constituent neurones of 
which showed chromatolysis and nuclear pyk- 
nosis. 

The changes observed in the striatum were 
entirely different in nature; they were bilateral 
and strictly confined to the putamen and the 
head of the caudate nucleus, the intervening 
portions of the internal capsule being intact 
(Fig. 6). These nuclei were devastated with 
almost total loss of neurones, both medium and 
small. This was accompanied by astrocytic and 
some microglial proliferation. Many small 
blood vessels, both arterial and venous, had 


cuffs of small round cells in the perivascular 
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Fig. 1. Case 1. Section of pons showing symmetrical central area of demyelination. (Heiden- 
hain’s method for myelin x 5) 


Fig. 2. Case 1. Photomicrograph showing intact axis cylinders separated by rows of large phago- 
cytes within the central pontine lesion. (Bodian’s silver impregnation x 470) 
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Fig. 3. Case 1. Photomicrograph showing intact neurones of nucleus grisei pontis within pon- 


tine lesion. (Cresyl violet stain x 430) 


Fig. 4. Case 1. Photomicrograph of pontine lesion showing phagocytes containing granular ma- 
terial with a staining reaction similar to that of myelin. (Heidenhain’s method for myelin x 470) 


Fig. 5. Case 1. 


Photomicrograph of pontine lesion showing perivenular accumulation of lympho- 


cytes and plasma cells. Globular spaces are the site of large phagocytes. (Hematoxylin and eosin 


stain x 430) 


spaces (Fig. 7). In the pallidum there was 
marked gliosis without parenchymal destruc- 
tion, consequent upon degeneration of the 
striopallidal and strionigral fibers. There was, 
in addition, total loss of neurones in Sommer’s 
sector of the pyramidal cell layer of the hip- 
pocampus and moderate reactive gliosis. 

The cerebral cortex, thalami, cerebral white 
matter, the lower brain stem, and spinal cord 
appeared normal on microscopic examination. 
In particular, there were no foci of perivascular 
demyelination such as are seen in postinfec- 
tious encephalomyelitis. 

Case 2. A 30-vear-old housewife, was ad- 
mitted to Montreal Neurological Institute on 
June 18, 1953, and died on August 7, 1953. 
During April and May 1953, she suffered 
from epigastric pain associated with abdomi- 
nal cramps and not related to food. The pain 
occurred at night as well as during the day. 
On May 27, nausea and vomiting accompanied 
the pain, and she was therefore admitted to 
another hospital on May 29. Her tempera- 
ture was 99° F. and the white cell count 
12,000 per cubic millimeter. At laparotomy 
on May 30 an inflamed appendix was removed; 
abundant free fluid in the abdomen and en- 
largement of mesenteric lymph nodes were also 
noted. On the fifth postoperative day she was 
discharged home, and apart from irritability 
and slight headache her postoperative condi- 
tion was satisfactory until June 9, the tenth 
postoperative day, when she began to feel 
chilly and complained of occipital headache, 
stiff neck, and spots in front of her eyes. She 
developed a cold sweat and became confused. 
This was followed by rolling up of the eyes, 
turning of the head to the left, and vomiting. 
Then she began to shake in both hands and 
both legs; this shaking lasted for five to ten 
minutes. She then lapsed into coma. In this 


state she was readmitted to the hospital, where 
lumbar puncture on June 13 yielded clear fluid 
with a protein content of 48 mg. per cent, 
sugar 112 mg. per cent, and no cells. 

On transfer to Montreal Neurological Insti- 
tute on June 18, the patient was in coma, had 
bed sores over the sacrum, and had an infec- 
tion of the right eye with corneal perforation. 
The neck was stiff and Kernig’s sign was 
elicited. She made no spontaneous movements 
and the limbs were flaccid. Tendon reflexes 
were symmetric, the abdominal reflexes absent, 
and the plantar responses both flexor. 

Lumbar puncture on June 18 yielded moder- 
ately xanthochromic fluid at a pressure of 85 
mm.; its protein content was 404 mg. per cent 
and sugar 80 mg. per cent; 2 polymorphs and 
2 lymphocytes per cubic millimeter were pres- 
ent. Repeat puncture the following day gave 
essentially similar findings. By July 23 the pro- 
tein content had fallen to 78 mg. per cent, and 
on July 31 it was 38 mg. 

An electroencephalogram made on June 26 
showed no trace of normal alpha rhythm but 
a poorly regulated, low to moderate voltage 
background of 4 per second waves with no 
localized or lateralized abnormality. Arousal 
stimuli produced slight and inconstant effects 
upon this rhythm. These findings were con- 
sidered to indicate involvement of the brain 
stem. Reexamination on July 23 showed a verv 
flat record with only low-amplitude 1- to 2-per- 
second slow waves, some 16-per-second activ- 
ity, and some 4-per-second bifrontal waves. 

A pneumoencephalogram made on June 18 
showed that the lateral ventricles were slightly 
larger than average, but otherwise no abnor- 
mality was seen. A repeat pheumogram on 
August 4 showed slight generalized atrophy. 

She received penicillin, streptomycin, and 
Aureomycin in addition to vitamins. Her coma 
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Fig. 6. Case 1. Photomicrograph showing devastated putamen and intact internal capsule. ( Hei- 
denhain’s method for myelin x 40) 


Fig. 7. Case 1. Photomicrograph showing loss of normal structure in putamen and perivenular 
round cell infiltration. (Hematoxylin and eosin stain x 215) 
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gradually lightened during the first two weeks 
in hospital to the extent that she moaned re- 
peatedly and moved all extremities in response 
to painful stimuli. Later her condition gradual- 
ly deteriorated and she developed Cheyne- 
Stokes respiration. Maintenance of fluid and 
electrolyte balance and nutrition proved diffi- 
cult. The patient excreted large amounts of 
nitrogen in the urine together with some in- 
creased potassium excretion and marked re- 
tention of sodium and chlorides. Quite sud- 
denly, on August 7, she became cyanosed, 
with circulatory collapse and excessive secre- 
tions in the pharynx. Despite aspiration of 
these, she became progressively less respon- 


sive and died. 


Pathologic findings. Examination of the trunk 
showed pulmonary edema, chronic cystitis, and 
obsolete tuberculosis of the right lung apex. 

The brain, which weighed 1,350 gm., showed 
no external abnormality. On section, an area 
in the lower part of the basis pontis, some 3 
cm. in diameter, was soft. In the left occipital 
lobe, a small area of cortex was gray and semi- 
translucent. 


Microscopic examination confirmed the pres- 
ence of a lesion in the pons and revealed wide- 
spread, patchy changes in the cerebral cortex. 
The pons, stained by Heidenhain’s method, 
showed a fairly symmetrical area of demye- 
lination astride the median raphe and involving 
both corticospinal and transverse pontine fibers. 
The lesion extended from the midpons at the 
level of the motor trigeminal nucleus to the 
caudal midbrain. The tegmentum of the pons 
and the midbrain were not involved (Figs. 8, 
9, and 10). Axis cylinders and neurones were 
mostly preserved, although, in the center of 
the demyelinated area, there was some reduc- 
tion in axons and loss of neurones. Numerous 
phagocytes with eccentric nuclei and abundant 
foamy cytoplasm were present throughout the 
lesion (Fig. 11). At its margin, a zone of in- 
creased cellularity was formed mainly by re- 
active microglial cells. In addition there were 
cells with small, dark nuclei resembling lym- 
phocytes and other cells with larger, often 
oval, vesicular, pale-staining nuclei and scanty 
cytoplasm considered to be astrocytes. Blood 
vessels in the area appeared normal. There 
was no ether lesion in the brain stem. The 


Figure 10 


Figs. 8, 9, and 10. Case 2. Sections of pons 
at successively more caudal levels, showing 
single, roughly symmetrical focus of demy- 
elination in basis pontis. (Heidenhain’s 
method for myelin x 2.5) 
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Fig. 11. Case 2. 
merous phagocytes. (Hematoxylin anc 


Fig. 12. Case 2. 
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Photomicrograph of pee lesion showing loss of normal structure and nu- 
van Gieson stain x 430) 


Photomicrograph showing neuronal loss, status spongiosus, and swollen-bodied 


astrocytes in second and third cortical layers. (Hematoxylin and van Gieson stain x 430) 


Fig. 13. Case 2. 


Photomicrograph showing neuronal loss, glial proliferation, and swelling of 


capillary endothelium in left occipital cortex. (Hematoxylin and van Gieson stain x 170) 


cerebellum, thalami, and basal ganglia ap- 
peared normal. 

Scattered throughout the cerebral cortex 
were numerous areas of neuronal loss in the 
second and third layers, accompanied by mi- 
croglial and astrocytic proliferation and some 
sponginess of the tissue (Fig. 12). In the left 
occipital lobe, where the lesion was grossly 
visible, selective necrosis of the neurones of 
all cortical layers had occurred; glial prolifer- 
ation and swelling of capillary endothelium 
were prominent (Fig. 13). The immediately 
subcortical white matter here was partially 
demyelinated and showed astrocytosis. All sec- 
tors of the pyramidal cell layer of both hippo- 
campi showed subtotal neuronal loss and 
severe gliosis. 


DISCUSSION 


The 2 cases presented here have in common 
the occurrence of a pontine lesion with the 
histopathologic characteristics of a demyelinat- 
ing disease. Neither case, however, can be 
diagnosed as multiple sclerosis because the de- 
myelinative lesions were solitary, and the other 
lesions present in each case were not those of 
multiple sclerosis. 

In Case 1, despite the indications in the 
clinical history, no lesions were found in the 
brain which would substantiate a diagnosis of 
either mumps encephalitis or equine encepha- 
litis. The etiology of the striatal lesion is not 
clear. The specific involvement of nuclei with 
sparing of white matter and a pattern of dis- 
tribution which does not correspond to any 
vascular territory suggests a specific vulner- 
ability of the structures involved—the patho- 
clisis of Vogt. Usually lesions of this sort are 
degenerative, toxic, or infectious. Evidence in 
support of any one of these is lacking in the 
present case. Symmetric foci of necrosis in the 
striatum have been described by Pentschew? 


in cases of severe methyl alcohol poisoning, 
but these are not coterminous with the margins 
of the striatum. 

In 1929, Marinesco and Draganesco* gave a 
clinical and pathologic account of a 4-year-old 
boy who, after a febrile illness, had a succes- 
sion of seizures and thereafter developed athe- 
tosis, abnormal tone, and gross motor impair- 
ment. At autopsy there was symmetric, bilater- 
al disintegration of the caudate nucleus and 
putamen, while the internal capsule was pre- 
served. Similar striatal lesions have been de- 
scribed by Verhaart* in 4 breast-fed Chinese 
infants; in 2 there were also minor changes in 
the brain stem in the form of neuronal homo- 
genization and neuroglial swelling, but demye- 
lination in this site was not described. Ver- 
haart considered that nutritional deficiency was 
an important underlying factor in these cases. 

Hawke and Donohue’ described an unusual 
neurologic illness in a 13-year-old girl in whom 
there was, at autopsy, bilateral symmetric 
necrosis sharply limited to the corpus striatum. 
The child was unconscious at the outset, but 
later in the course of the illness, which lasted 
some nine weeks, she followed moving ob- 
jects with her eyes. She did not speak, how- 
ever, and her only vocal expression was to cry. 
In their cases there was no lesion in the mid- 
brain or pons. At the present time, one can 
only conclude that there is a pathologic entity 
of bilateral necrosis of the striatum, the etiol- 
ogy of which is unknown. 

Although demyelination was a feature of the 
cerebellar lesion in our first case, its mor- 
phology was quite different from that of the 
pontine lesion and its nature is obscure. The 
hippocampal lesions are readily explained as 
resulting from anoxia. 

The nonpontine lesions in Case 2 are com- 
rletely different from those of Case 1 except 
for the hippocampal cellular loss, which again 
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can be considered anoxic. Likewise, the wide- 
spread patchy cortical lesions are entirely con- 
sistent with an anoxic etiology, although the 
possibility of anoxic damage at the time of 
anesthesia is unacceptable because of the ten 
days of relatively uneventful postoperative con- 
valescence. 

The temporal relationship of the pontine 
and other lesions is clearly important. In Case 
1, comparison with the account given by 
Hawke and Donohue suggests that the striatal 
lesion alone could account for the clinical 
features of the case. Histopathologically, the 
striatal and pontine lesions could be of similar 
age, but their appearance does not exclude the 
concept that the striatal lesion may be several 
weeks older. In the second case, the patho- 
logic lesions of the cortex are sufficient to ex- 
plain the patient’s coma, and their appearance 
is compatible with such a duration. 

The relationship of the pontine lesions to the 
impairment of consciousness should be con- 
sidered. Their situation in the basis pontis and 
sparing of the tegmentum of the midbrain mili- 
tates against the possibility that they were re- 
lated. In addition, none of the patients de- 
scribed by Adams and his colleagues were un- 
conscious, though their first 2 patients had 
lesions larger than those present in our cases. 
Thus we are inclined to believe that the striatal 
lesions in the first case and the cortical lesions 
in the second were responsible for our patients’ 
impairment of consciousness and that the pon- 
tine lesions developed later in the course of 
their illness. About six weeks before death, the 
electroencephalogram in our Case 2 was in- 
terpreted as indicating involvement of the 
brain stem. However, it cannot be taken as a 
definitive indication that the pontine lesion was 
present at that time, since diffuse cortical 
damage is most difficult to distinguish electro- 
graphically from a brain stem lesion. 

Returning to the etiology of the pontine 
lesions, we must compare our cases with those 
of Adams and associates. The only feature 
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common to their 4 cases was a longstanding, 
debilitating condition with terminal malnu- 
trition. Our cases have the same factor and 
seem to substantiate Adams’ concept of a 
nutritional element in the etiology of this 
lesion. However, if malnutrition is responsible 
at least partly—for the central pontine mye- 
linolysis, it need not be present for a long 
period of time, since in both our cases the 
total length of illness was about two months 
and severe inanition did not develop until the 
later stages. Moreover, malnutrition is com- 
mon in the terminal stages of any longstanding, 
debilitating disease, whereas central pontine 
myelinolysis is extremely rare at autopsy. We 
conclude, therefore, that malnutrition alone 
cannot cause this condition. Alcoholism, pres- 
ent in 3 of the 4 cases of Adams and associates, 
was not a feature in our patients. The relation- 
ship of central pontine myelinolysis to other 
demyelinating diseases has been discussed 
fully by these authors and need not be re- 
peated here. Despite its distinctive pathologic 
features, the condition’s etiology remains com- 
pletely unknown. 


SUMMARY 


1} A clinical and pathologic account is given 
of 2 cases of central pontine myelinolysis. In 
each case there were other lesions of different 
morphologic character in the brain. One case 
showed selective symmetric necrosis of the 
striatum and a focus of myelin loss and tissue 
rarefaction in the deep white matter of the 
cerebellum. In the other case, small foci of 
selective neuronal necrosis were present in the 
cerebral cortex. 

2] The relationship of these lesions to each 
other and to the clinical evolution of the illness 
is discussed. 

3] Alcoholism was not present in either case 
and, for reasons given, malnutrition is not con- 
sidered to be the main etiologic factor. The 
cause of central pontine myelinolysis remains 
unknown. 
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Electroencephalographic and behavioral 
changes in unrestrained rabbits 


during insulin hypoglycemia 


Ellis C. Berkowitz, Ph.D., John W. Sundsten, A.B., 
and Charles H. Sawyer, Ph.D. 


Tue electroencephalographic technic has been 
employed repeatedly in study of the mecha- 
nism of insulin action on the brain since the 
pioneer studies of Berger,! Hoagland, Rubin, 
and Cameron,? and Moruzzi.2 These and 
other early workers observed a slowing in 
the cortical waves, the so-called “delta shift.” 
Motor convulsions, which frequently occur 
during hypoglycemia, have been considered to 
be cortical in origin, even in very recent times.‘ 

With the exception of one report, the 
early studies employed only surface recording 
electrodes. Recent investigations stressing the 
importance of changes in subcortical nervous 
activity have employed stereotaxic methods 
that necessitate anesthetizing, curarizing, or re- 
straining the experimental animals.*-* The in- 
creased sympathetic activity accompanying 
the stress of these procedures has forced the 
use of either frequent or very high doses of 
insulin in order to induce hypoglycemia. 

In the present work, the stress factor has 
been minimized by employing unanesthetized, 
unrestrained animals with electrodes perma- 
nently implanted within the brain; profound 
hypoglycemia can be achieved in the fasted 
rabbit with as little as 20 units of insulin. 
Such chronic preparations also permit be- 
havioral observations during the course of 
hypoglycemia to be correlated with the elec- 
troencephalogram. Furthermore, the technic 
extends the time range of observations to sev- 
eral days or longer, so that residuals or slow 
recovery can be detected. Finally, it is pos- 
sible to compare in the same animal effects of 
insulin with those of other convulsant agents 
such as Metrazol and electroshock on the same 
areas of the brain. 


MATERIALS AND METHODS 


In 12 female New Zealand rabbits under 
pentobarbital anesthesia, bipolar concentric 
electrodes were implanted in various subcor- 
tical areas stereotaxically according to the atlas 
of Sawyer, Everett, and Green.® In each case, 
6 subcortical electrodes and a silver ball corti- 
cal electrode were connected to a Winchester 
female socket that was permanently fixed to 
the skull with stainless steel screws and dental 
cement (Kadon). Although a minimum of two 
weeks passed before experimental recordings 
were made, the animals were awake and with- 
out detectable neurologic defects within twelve 
hours after surgery. 

The animals were placed in an open-topped 
lucite box (45 x 65x 16 cm.), which was put 
into the recording cage. Auditory distractions 
during the testing of arousal threshold were 
controlled by the use of a constant background 
noise level provided by an audio amplifier. A 
15-wire flexible cable fitted with a Winchester 
male plug served to connect the animal to the 
recording and stimulating equipment (Grass 
electroencephalograph, model III D, and Grass 
model S 4C) outside the cage. This cable al- 
lowed the animal unrestricted movements with- 
in the lucite box. 

The threshold of hippocampal arousal was 
examined by observing a synchronous 4- to 7- 
cps rhythm in the hippocampus"? after direct 
electrical stimulation of the reticular formation 
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Fig. 1. Electroencephalographic changes during hypoglycemia (A through E) and recovery after 
glucose (F through H). The graph shows the corresponding changes in blood sugar, heart rate, 
and electroencephalographic arousal. The sample records (A through D) were taken at the times 
corresponding to the letters on the graph. Abbreviations used in this and following figures: 
AMYG, amygdala; DHPC, dorsal hippocampus; EKG, electrocardiogram; FC, frontal cortex; 
LHA, lateral hypothalamic area; LPO, lateral preoptic area; OB, olfactory bulb; OTUB, olfactory 
tubercle; SPT, septum; VPM, ventral posteromedial thalamic nucleus 


at 300 per second. Current and voltage were 
monitored during the stimulation with a cath- 
ode ray oscilloscope. 

Crystalline insulin in doses ranging from 20 
to 400 units was given intravenously. Higher 
doses (up to 400 units) were divided into in- 


travenous and subcutaneous injections. Rou- 
tinely, the animals were permitted only water 
in the twenty-four-hour period before insulin 
treatment. 

Blood for sugar determinations was obtained 
at regular intervals from the marginal ear vein 
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and analyzed colorimetrically by the Nelson 
modification of the Somogyi method.'! After 
sacrifice or experimental death of an animal, 
the brain was perfused with saline and then 
10% formalin. Electrode placements were veri- 
fied by examination of frozen serial sections 
stained with thionine. 


RESULTS 


Insulin experiments. Insulin hypoglycemia 
caused marked changes in the electroenceph- 
alogram and behavior in all the animals tested. 
These changes were essentially the same in all 
subsequent trials when the animals were tested 
more than once. Figure 1 (A to E) illustrates 
the electrical activity observed during early 
hypoglycemia, before and including a general- 
ized convulsion. Threshold of electroencepha- 
alographic arousal in the hippocampus, heart 
rate, and blood sugar values are shown graphi- 
cally at the top of the figure. The earliest 
changes in the electroencephalogram appeared 
in certain areas associated with the olfactory 
system: olfactory bulb, lateral preoptic area, 
and amygdala (Fig. 1B). The changes con- 
sisted of an increased amplitude and frequency 
of activity with occasional, irregular spiking in 
one or more of these channels. The cortex and 
hippocampus, on the other hand, showed no 
obvious changes within the first half hour 
after insulin treatment, and no behavioral ab- 
normalities were noted. During this early 
stage, there was, if anything, a slight decrease 
in the arousal threshold and a mild tachy- 
cardia. 

With the blood sugar maintained near 10 
mg. per cent, there was a depression of activ- 
ity in the olfactory bulb (toward preinsulin 
levels or less) and a generalized slowing of 
frequencies in all other areas including the 
cortex (Fig. 1C). The slowing of activity in 
the hippocampus was also accompanied by a 
decreased amplitude in this area. During this 
time, the animal gradually became inactive, 
then ataxic, and eventually stuporous; it often 
assumed an ungainly posture with its head 
pressed against the side of the observation 
box. Although the arousal threshold was ele- 
vated, peripheral stimuli (pinch, clap) could 
arouse the animal at least temporarily. A 
bradycardia accompanied these behavioral and 
electroencephalographic changes. 


357 


Just before the convulsion, the frontal cor- 
tex and hippocampus were aroused briefly 
(Fig. 1D and E). The electrocardiogram 
marked the onset of the motor artifact, which 
was reflected in most channels and thereby ob- 
scured the concomitant electrical events. Just 
after this convulsion, 5 cc. of 5% glucose was 
injected intravenously (Fig. 1D), and the 
arousal threshold returned to its approximate 
base line while the heart rate increased. The 
increased blood sugar is arbitrarily indicated 
by the upward deflection from the 10 mg. per 
cent level. An hour later (E), another seizure 
was preceded by the generalized slowing and 
the cortical and hippocampal arousals were 
seen more clearly. The convulsion was char- 
acterized by clonic and tonic movements, after 
which there was additional slowing of the 
electroencephalogram, most apparent in the 
cortical, lateral preoptic, and septal areas (F). 
Injection of 10 cc. of 5% glucose brought the 
electrical record to the aroused pattern (G), 
which was similar to that seen during the 
early phase of low blood sugar (B). A few 
minutes later (H), the entire electroencephalo- 
graphic pattern had returned almost to the 
pre-insulin control condition (A). Similarly, 
the arousal threshold and heart rate were re- 
stored to control levels. 

Preconvulsive changes similar to those in 
Figure 1 were seen in another animal, with 
some modifications (Fig. 2). The olfactory 
bulb and hippocampus were depressed (B) 
just before the convulsion (C), and there was 
occasional spiking in the olfactory tubercle, 
septum, and amygdala (B and C). The motor 
seizure that was reflected in the electrocardio- 
gram was followed by heightened electro- 
encephalographic activity in all channels (C); 
the distortion of electrical events by move- 
ment was probably minimal in this case. 
Again, injection of glucose brought the brain 
activity toward its control pattern (D and E). 
Although no determinations were made just 
after the seizure or the injection of glucose, 
the blood sugar level undoubtedly went higher 
than that indicated on the graph. The cir- 
culating insulin, however, brought the blood 
sugar back to the 25 to 55 mg. per cent range 
within a few minutes. Thus a low blood sugar 
level was maintained and subcortical seizure 
activity (F through K) was observed. In a 
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Fig. 2. Electroencephalographic changes anne early and prolonged hypoglycemia. The graph 
shows the blood sugar level that was maintained relatively constant by small injections of glu- 
cose as indicated by the arrows above the curve. Note particularly the dorsal hi ee sei- 
zures (F, G, and tt) and the septal seizure spreading to the amygdala (I, J, ant K) 
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Fig. 3. Examples of subcortical seizure activity in an animal treated with a total of 480 units of 
insulin. Note in particular the seizures in the amygdala that began at twenty-four hours (G) 
and persisted despite injection of glucose (H and K) and pentobarbital (L). The electrode site 
corresponding to channel 3 was lost in the process of histologic confirmation. This figure also 
appears in the Proceedings of the International Conference on Insulin Treatment in Psychiatry.” 
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Fig. 4. Prolonged electroencephalographic changes, most marked in subcortical areas, after 
eight and one-half hours of hypoglycemia. The record at one week (D) is essentially the same 
as the control for this animal before insulin treatment (Fig. 2A). 


series of electrical seizures in the hippocampus, 
the activity was either accompanied by spik- 
ing in other areas (F) or was relatively isolated 
(G and H). Spiking that began in the sep- 
tum spread to the amygdala without obvious 
changes in the other channels (I through K). 
Throughout these seizures, the olfactory bulb 
generally remained depressed, although varia- 
tions were observed. These subcortical sei- 
zures did not involve the cortex, nor were con- 
comitant behavioral changes associated. 
Similar changes were seen in another animal 
in which blood sugar values were not meas- 
ured. Here, the subcortical seizure activity 
was more pronounced (Fig. 3), even though 
no convulsions occurred during the first day of 
observation. Within an hour after the initial 
dose of insulin, the amplitude of activity in 
the olfactory bulb increased markedly (B) 
and, by two hours, had developed into an 
electrical seizure accompanied by a seizure in 
the lateral hypothalamic area (C). The ol- 
factory bulb continued to discharge either 
alone (D) or together with other areas (E). 
By the end of the first day (F), the lateral 
hypothalamic area, olfactory bulb, septum, 
and amygdala all showed synchronous spik- 
ing activity. The next morning, the amygdala 
was in a state of practically continuous spike 
discharge (G); the administration of glucose 
seemed to bring on additional seizure activity 
(H). On the third day postinsulin (J), the sub- 
cortical spiking continued in several channels. 
High amplitude activity in the amygdala (G 


through L) persisted throughout the five days 
the animal lived, and administration of glu- 
cose (H and K) or pentobarbital (L) did not 
appreciably modify this irritable focus. During 
these five days, the animal remained lethargic 
and would not eat or drink sugar water. It 
died in a clonic convulsion. 

Prolonged changes (Fig. 4) of a lesser de- 
gree were seen in the same animal studied in 
Figure 2. Approximately eight hours after in- 
sulin treatment (Fig. 4A), the olfactory bulb 
and hippocampus were still depressed. At 
this time, the animal was alert, active, and 
eating normally, that is, no behavioral signs 
of hypoglycemia remained. The following day 
(B), the hippocampal record approached the 
control pattern but the olfactory bulb was 
still decreased in amplitude. The olfactory 
tubercle, on the other hand, showed high 
amplitude rhythmic bursts and occasional 
spiking (B and C). After seventy-two hours, 
the hippocampal activity had returned to nor- 
mal while the olfactory bulb depression and 
olfactory tubercle spiking persisted (C). One 
week later (D), the electroencephalogram 
could not be distinguished from the preinsulin 
control record (Fig. 2A). 

Electroshock and Metrazol experiments. With 
these implanted preparations, it was possible to 
compare the electroencephalogram during sei- 
zures induced by different procedures in the 
same animal. Shortly after a motor convulsion 
induced by electroshock (stimulus 200 ma., 
0.2 second), electroencephalographic seizures 
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were most marked in the cortex, septum, and 
hippocampus (Fig. 5A). This activity con- 
tinued in the amygdala and septum as the cor- 
tex and hippocampus became depressed. These 
changes were accompanied by heightened ol- 
factory bulb activity, which was greater than 
could be accounted for by a simple increase 
in respiratory movement. All areas returned 
to the preshock control level within ten 
minutes, except the hippocampus, which re- 
mained depressed for at least an hour. It is 
of interest that the most pronounced subcorti- 
cal changes were seen in the same areas with 
both hypoglycemia and electroshock: septum, 
amygdala, hippocampus, and olfactory bulb. 
This similarity was not found when insulin 
hypoglycemic seizures were compared with 
those induced by Metrazol. 

During the injection of Metrazol (Fig. 5B), 
the electroencephalogram had essentially the 
same activity as the control, although there was 
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some increased amplitude in the olfactory 
tubercle. The latter was probably due to 
treatments with Metrazol earlier the same day. 
After injection and just before motor seizure, 
the hippocampus showed the aroused pattern 
while the olfactory bulb was depressed; the 
other areas were marked by high amplitude 
slow waves, especially in the cortex. This cor- 
tical response could be brought out without 
apparent changes in other areas by subcon- 
vulsive doses. The postseizure record showed 
increased activity in the olfactory tubercle and 
bulb with a slow wave pattern in the other 
areas and some depression in the hippocampus. 
Within an hour, the entire electroencephalo- 
gram had returned to the normal pattern ex- 
cept for the cortex, which still showed some 
slow activity. At no time were electrical sei- 
zures of the type observed in insulin hypo- 
givcemia or electroshock found in any of the 
subcortical areas. 
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DISCUSSION 

The delta shift in the cortical electroen- 
cephalogram has been generally recognized 
as the earliest and principal electroencephalo- 
graphic correlate of hypoglycemia.'* That the 
basis of this change may be associated with de- 
pressed activity in the reticular formation is 
suggested by the work of Arduini and Arduini,® 
who found that hypoglycemia, like hypoxia 
and anesthetic agents, blocks evoked potentials 
to click stimuli in the reticular formation of 
the cat. In the rabbit, the cortical and sub- 
cortical alerting response to painful stimuli 
disappears during hypoglycemia.* In the pres- 
ent work, direct electrical stimulation of the 
reticular formation in unanesthetized rabbits 
reveals an increased threshold of hippocampal 
arousal when blood sugar is markedly depress- 
ed. Furthermore, there is a close temporal as- 
sociation between this threshold change and 
the onset of slow waves in both cortical and 
subcortical areas (Fig. 1C). 

In our experience, the earliest as well as the 
most prolonged changes in the electroencepha- 
logram occurred in the rhinencephalon or lim- 
bic lobe. These changes consisted of general- 
ized slowing and depression in the olfactory 
bulb and hippocampus, together with slowing 
and irregular spiking in the amygdala and 
septum. When hypoglycemia was prolonged 
(more than two hours), spontaneous electrical 
seizures in certain rhinencephalic regions were 
observed in several animals, confirming the 
work of others in immobilized™ and lightly 
anesthesized* rabbits. Tokizane and Sawyer? 
have reviewed the unique features of the 
amygdala and hippocampus, which demon- 
strate their low threshold to seizures in re- 
sponse to electrical, drug, or chemical stimuli. 

At least 2 schemes have been proposed to 
explain the differential neurologic symptoms 
during progressively deeper stages of hypo- 
glycemia, anoxia, and drug action. The so- 
called “horizontal system” of phyletic layers 
as proposed by Hughlings Jackson and ex- 
panded by Himwich!? is one. According to 
this scheme, the highest cerebral levels are 
affected first by the metabolic changes listed 
above, and then the subcortical regions, di- 
encephalon, midbrain, and medulla are in- 
volved sequentially. This system has been use- 
ful clinically in assessing hypoglycemia. 
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The second scheme of central neural organ- 
ization proposed by Livingston, Haugen, and 
Brookhart!* is of somewhat more interest in 
consideration of the site of action of hypo- 
glycemia. These authors propose a “vertical” 
organization consisting of 3 parallel columns. 
On one side, there are direct ascending sensory 
pathways; on the other side, the descending 
efferent pathways; and in between these, an 
intermediate column of multiple short neural 
elements in a neuropil. The latter system com- 
prises the association areas of the cortex, non- 
specific and diffusely projecting thalamic nu- 
clei, and the reticular formation of the brain 
stem. Recent evidence't demonstrating in- 
terconnections between the latter area and the 
rhinencephalic structures potentially extends 
this intermediate column. It is upon this 
column of the brain that drugs and anesthetics 
probably exert their greatest influence. In the 
present work, the alterations in electroen- 
cephalographic activity in the rhinencephalon 
together with changes in the hippocampal 
arousal threshold suggest that this intermediate 
column is also uniquely affected by insulin 
hypoglycemia. 

The comparison of Metrazol and electro- 
shock treatments with that of insulin shows cer- 
tain similarities such as high amplitude syn- 
chronous discharge in the olfactory bulb. The 
electroencephalographic pattern after electro- 
shock resembles the record after prolonged in- 
sulin hypoglycemia in that both show subcorti- 
cal electrical seizures and hippocampal de- 
pression. On the other hand, the electroen- 
cephalographic record after Metrazol is simi- 
lar to that seen during the early stages of in- 
sulin hypoglycemia, at which time there is 
generalized slowing in cortical and subcorti- 
cal areas. Subcortical electrical seizures after 
Metrazol treatment were not observed in our 
experiments, although they have been reported 
by others in the immobilized cat.% In view 
of the differences in the clinical effectiveness 
of these shock procedures,'® the different re- 
sponses of the same subcortical areas are 
worthy of further investigation. 

Although the behavioral alterations after 
insulin shock in schizophrenic patients are now 
well documented, the underlying brain mecha- 
nisms are, according to Sakel,'7 still unclear. 
Subcortical rhinencephalic seizure activity has 
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been suggested previously as a part of the 
therapeutic mechanism.7* In addition, there 
is pathologic evidence of localized cerebral 
damage attributable to hypoglycemia in animal 
and clinical studies.'*-*! The apparently ir- 
reversible changes that we recorded in the 
amygdala provide electroencephalographic con- 
firmation of local pathologic involvement and 
may, in part, relate to the effectiveness of in- 
sulin treatment. 

A growing body of evidence shows that the 
rhinencephalon is a part of the anatomic sub- 
strate underlying the emotional sphere of be- 
Recent experiments*4-** with 
tranquilizing agents such as reserpine and 
chlorpromazine have shown that altered elec- 
troencephalographic patterns and subcortical 
rhinencephalic seizure activity are common 
features of treatment with these drugs. Un- 
anesthetized cats subjected to hippocampal 
seizures showed behavioral changes closely 
resembling those of the reserpinized animal.** 
In our experience, rabbits in the early stages 
of hypoglycemia were generally awake but 
less attentive to common distracting stimuli, 
that is, they appeared to be “tranquilized.” 

Fink** has recently proposed a unified theory 
to explain the action of drugs, shock, and 
lobotomy in the treatment of psychoses. He 
concludes that the efficacy of therapy is re- 
lated to permanent changes in cerebral activ- 
ity, 2 indexes of which are slowing of the 
cortical electroencephalogram and a _predis- 
position to subcortical seizure activity. The 
present data on insulin suggest that the slow- 
ing in the cortical electroencephalogram is re- 
lated to depressed activity in the reticular for- 
mation and the predisposition to seizures is 


due to an early effect on the rhinencephalic 
structures. The long-lasting effects observed 
in the rhinencephalon indicate that this area 
is particularly sensitive to hypoglycemia and 
may, in part, be related to the effectiveness of 
insulin treatment. 


SUMMARY 


The earliest changes in the electroencephalo- 
gram during insulin hypoglycemia consisted 
of depressed activity in the olfactory bulb and 
hippocampus, together with generalized slow- 
ing and irregular spiking in the amygdala, 
septum, and olfactory tubercle. Increased thres- 
hold of hippocampal arousal correlated tem- 
porally with the appearance of “delta waves” 
in the cortical electroencephalogram. Be- 
haviorally, the animal at first became ataxic 
and then gradually became semicomatose be- 
fore motor convulsion. Subcortical electrical 
seizure activity was observed during prolonged 
hypoglycemia and did not appear to involve 
the cortex. Electroencephalographic changes 
persisting for several days were noted in the 
hippocampus, olfactory bulb, and olfactory 
tubercle. A case of apparently permanent elec- 
trical change in the amygdala is described. 
Comparison of Metrazol and electroshock with 
insulin treatment shows that the electroen- 
cephalographic changes in the former re- 
semble early hypoglycemia, whereas those of 
the latter resemble prolonged hypoglycemia. 
These results are discussed in terms of the 
possible site of action of insulin hypoglycemia 
and in relation to the therapeutic efficacy of 
this treatment. 


The authors would like to acknowledge the technical assis- 
tance of Mrs. Pearl Ruttenberg. 


REFERENCES 


1. Bencer, H.: Ueber das Elektrenkepalogramm des Men- 
schen. Arch. f. Psychiat. 106:165, 1937. 

2. Hoacianp, H., Rusry, M. A., and Cameron, D. E.: 
The electroencephalogram of schizophrenics during in- 
sulin hypoglycemia and recovery. Am. J. Physiol. 120: 
559, 1937. 

3. Moruzzi, G.: Action de lhypoglycemie insulinique sur 
l’activité "electrique spontanée et provoquée de l’écorce 
cerebral. Compt. rend. Soc. de biol. 126:1181, 1938. 

4. Gress, F. A., and Murray, E. L.: Hypoglycemic con- 
vulsions (3 case reports). Electroencephalog. & Clin. 
Neurophysiol. 6:674, 1954. 


5. Hoacianp, H., Hiawicn, H. E., F., 
Fazekas, J. F., and Haprpran, Z.: Effects of hypo- 
glycemia and pentobarbital sodium on electrical activ- 
ity of cerebral cortex and hypothalamus (dogs). J. 
Neurophysiol. 2:276, 1939. 

6. Arnpurni, A. A. and Arpurni, M. G.: Effect of drugs 
and metabolic alterations on brain stem arousal 
mechanism. J. Pharmacol. & Exper. Therap. 110:76, 
1953. 

7. Toxrzane, T., and Sawyer, C. H.: Sites of origin of 
hypoglycemic seizures in the rabbit. Arch. Neurol. & 
Psychiat. 77:259, 1957. 


| 
' 


364 


10. 


. Stuy, A., 


. Lawrence, R. 


. Van Meter, W. G., Owens, H. F., and Himewicn, H. 


E.: Cortical and rhinencephalic electrical potentials 
during hypoglycemia. Arch. Neurol. & Psychiat. 80: 
314, 1958. 


. Sawyer, C. H., Everett, J. W., and Green, J. D.: 


The rabbit diencephalon in stereotaxic coordinates. J. 
Comp. Neurol. 101:801, 1954. 

Green, J. D., and Arpuri, A. A.: Hippocampal 
electrical activity in arousal. J. Neurophysiol. 17:533, 
1954. 


. Netson, N.: A photometric adaptation of the Somogyi 


method for determination of glucose. J. Biol. Chem. 
153:375, 1944. 


. Hisewicn, H. E.: Brain Metabolism and Cerebral Dis- 


orders. Baltimore, Williams & Wilkins Co. 1951. pp. 
257-325 


. Livineston, W. K., Haucen, F. P., and Brooxnarrt, 


J.M.: Functional organization of the central nervous 
system. Neurology 4:485, 1954. 


. Apey, W. R.: Organization of the rhinencephalon. In 


Reticular Formation of the Brain. 
Brown & Co., 1958. pp. 621-644 


Boston, Little, 


. Starnzi, T. E., Nremer, W. T., Dect, M., and For- 


GRAVE, P. R.: Cortical and subcortical electrical activ- 
ity in experimental seizures induced by metrazol. J. 
Neuropath. & Exper. Neurol. 12:262, 1953. 


. Freminc, T. C.: An inquiry into the mechanism of 


action of electric shock treatments. J. Nerv. & Ment, 
Dis. 124:440, 1956. 


. Saket, M.: The classical shock treatment. A reap- 


praisal. J. Clin. & Exper. Psychopath. 15:255, 1954. 
and Toxay, L.: Beitriige zur Histopatho- 
logie der experimentellen Insulinvergiftung. Ztschr. f. 
d. ges. Neurol. u. Psychiat. 139:434, 1932. 

D., Meyer, A., and Nevin, S.: The 
neuropathology of hypoglycemia. Quart. J. Med. 35: 
181, 1942. 


— 


20. 
21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


NEUROLOGY 


Hicks, S. P.: Brain metabolism in vivo. Arch. Path. 
50:545, 1950. 

ENGEL, R., Hacserc, F., Ticny, F. Y., and Dow, R.: 
Electrocerebral activity and epileptic attacks at various 
blood sugar levels. Acta neuroveg. 9:147, 1954. 
Parez, J. W.: The visceral brain, its components and 
connections. In Reticular Formation of the Brain. Bos- 
ton, Little, Brown & Co., 1958. pp. 591-605 

Green, J. D.: The rhinencephalon: Aspects of its rela- 
tion to behavior and the reticular activating system. 
In Reticular Formation of the Brain. Boston, Little, 
Brown & Co., 1958. pp. 607-619 

MacLean, P. D., FLanecan, S., Fiynn, J. P., Kim, 
C., and Stevens, J. R.: Hippocampal function: tenta- 
tive correlations of conditioning, EEG, drug, and 
radioautographic studies. Yale J. Biol. & Med. 28:380, 
1956. 

Preston, J. B.: Effects of chlorpromazine on the cen- 
tral nervous system of the cat. J. Pharmacol. & Exper. 
Therap. 118:100, 1956. 

E. K., and K. F.: Brain Mecha- 
nisms and Drug Action. Springfield, Ill, Charles C 
Thomas, 1957. pp. 71-98 

Sicc, E. G., and Scunemer, J. A.: Mechanisms in- 
volved in the interaction of various central stimulants 
and reserpine. Electroencephalog. & Clin. Neurophysiol. 
9:419, 1957. 

Stewart, L. F.: Chlorpromazine: use to activate 
electroencephalographic seizure patterns. Electroen- 
cephalog. & Clin. Neurophysiol. 9:427, 1957. 

Fixx, M.: A unified theory of the action of physio- 
dynamic therapies. J. Hillside Hosp. 6:197, 1957. 
Sawyer, C. H.: Electroencephalographic changes in 
the brain during insulin hypoglycemia. In Insulin 
Treatment in Psychiatry, edited by M. Rinkel and H. 
E. Himwich. Philosophical Library, Inc., New York 
City, 1959, pp. 106-125 


= 
é 
.. 
| 
| 
| 
18 
19 | 
| 
| 
| 
| 
| 
| 


The histochemistry of neurokeratin 


in normal and degenerating sciatic nerve 


Frederick Wolfgram, Ph.D., and Augustus S. Rose, M.D. 


To the histologist, neurokeratin is the protein 
network of myelin left after fixation, dehydra- 
tion, clearing, and so forth. Presumably, it is 
the remains of the concentrically oriented pro- 
tein layers that were first demonstrated by 
polarization studies! and later by x-ray diffrac- 
tion? and electron microscopy.* To the bio- 
chemist, neurokeratin is a protein resistant to 
proteolytic enzymes; it is rich in sulfur and 
insoluble in water and dilute acids or bases. 
Recently, LeBaron and Folch*t have isolated 
such a protein fraction from brain (trypsin- 
resistant protein) and demonstrated that it also 
contains rather large amounts of phosphorus 
and combined inositol. Their preparation may 
well represent a form of neurokeratin less de- 
graded than that obtained by previous methods. 
The electron microscopic studies of Geren® 
and others® have shown that peripheral nerve 
myelin (and presumably its neurokeratin) is 
an extension of the Schwann cell membrane. 

Neurokeratin is readily visualized in thickly 
myelinated peripheral nerve fibers after remov- 
al of the bulk of the lipids. There appears to 
be no single report on the histochemistry of 
neurokeratin, although there are scattered ob- 
servations in the literature that would suggest 
it has enzymatic functions. Thus, Beckett and 
Bourne? mention the localization of 5-nucleo- 
tidase in neurokeratin, and Meyer and Wein- 
mann® felt that there might be some phospha- 
midase in it. There are also reports on acid and 
alkaline phosphatase®:'° in Schwann cells that 
might have a bearing on neurokeratin in view 
of the high phosphorus content ascribed to it 
by LeBaron and Folch. 


METHODS 


Fresh, unfixed normal and degenerating 
sciatic nerves of cats and rats were cut in the 
cryostat at 16u., mounted on uncoated glass 
slides and dried in vacuo at room temperature 


for ten minutes. In normal and degenerating 
nerves in which large amounts of myelin were 
present (twelve days degeneration in the rat, 
twenty days in the cat), it was necessary to re- 
move most of the lipids in order to visualize 
the neurokeratin. This was done by immersing 
the dried slides in chloroform for two minutes, 
followed by air drying. The slides were then 
incubated in the substrate solutions. Acid phos- 
phatase was visualized by the glycerophos- 
phate method of Gomori'! and by the azo dye 
method of Rutenburg and Seligman,'* using 6- 
benzoyl-2-napthyl phosphate as substrate and 
simultaneously coupling the liberated napthol 
to diazo blue B. Alkaline phosphatase, 5- 
nucleotidase, and lipase were detected by 
Gomori’s methods.'! Adenosinetriphosphatase 
(ATPase) was detected by the method of Nai- 
doo and Pratt;!* beta- 
glucosidase,'® and sulfatase!™ were studied 
with the azo dye methods. Beta-glucuronidase 
was studied with both the azo dye method'® 
and the 8-hydroxyquinoline method as modi- 
fied by Fishman and Baker.'® 

The incubation times varied, depending on 
the enzyme being studied, and will be men- 
tioned at the appropriate place in the text. 
After incubation, the slides were washed in 
distilled water and the color developed. The 
azo dye sections were mounted in Kaiser's 
glycerogel, while the others were dehydrated 
through alcohols and n-heptane and mounted 
in Permount dissolved in n-heptane. 
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RESULTS 


Gomori method acid phosphatase. With the 
Gomori glycerophosphate method, acid phos- 
phatase was first visualized in the axons of 
peripheral nerve. After four hours’ incubation, 
the majority of axons were rather dark (Fig. 
1), the Schwann nuclei were unstained, and 
there was a faint but questionable reaction in 
the neurokeratin network. After sixteen hours’ 
incubation (Fig. 2), the axons were maximally 
stained black and there was usually a strong 
reaction in the neurokeratin. The Schwann 
nuclei were still unstained. Control sections 
without substrate were unstained. The acid 
phosphatase reaction was always strongly in- 
hibited by 0.005 M fluoride. In cat sciatic 
nerve undergoing Wallerian degeneration for 
seven days, the axons no longer gave an 
acid phosphatase reaction even with sixteen 
hours’ incubation (Fig. 3) but the neurokera- 
tin, although swollen and segmented, still 
was strongly positive. This tends to confirm the 
observation on normal nerve that the enzyme 
is indeed in neurokeratin and is not a dif- 
fusion artifact from the more active axoplasm. 
At this time (seven days) and at all further 
stages of degeneration, the Schwann cells and 
macrophages were essentially free of acid 
phosphatase as measured histochemically by 
the glycerophosphate method. The axonal acid 
phosphatase was lost in the cat sciatic by about 
four days, and, after this, the histochemical 
method measured essentially the activity of the 
remaining neurokeratin. 

Azo dye method acid phosphatase. Particu- 
lar attention was given to this method in an 
effort to demonstrate the acid phosphatase in 
degenerated nerve. A detailed study of the 
demonstration of enzymes in nervous tissue by 
the azo dye method will be published else- 
where,”° but it is necessary to point out certain 
characteristics of the method before describing 
the results obtained with degenerating nerve. 
The substrate 6-benzoyl-2-napthyl phosphate 
was hydrolyzed by the acid phosphatase in 
nerve and the liberated napthol immediately 
coupled to diazo blue B to form the colored 
product. The localization of this dye in the 
tissue seems to depend on its solubility in lipids 
(myelin and neutral fat) and the ability of 
cellular proteins to’ bind it. The azo dye 
methods are valuable in histochemistry because 
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the dyes are bound well by most tissue proteins 
but are bound poorly by Schwann cells. How- 
ever, it was possible to demonstrate acid phos- 
phatase by this method in forty-five-day de- 
generating cat sciatic nerve (Fig. 4). The azo 
dye appeared as discreet granules in the 
Schwann cell cytoplasm, and a small amount 
was dissolved in the fat globules. In such a 
preparation, no acid phosphatase could be 
demonstrated with the Gomori glycerophos- 
phate method. 

Beta-D-galactosidase and beta-D-glucosidase. 
These enzymes can be demonstrated histo- 
chemically in peripheral nerve myelin with the 
azo dye method.'*.2° In degenerating nerve, 
the colored products were seen only in the 
myelin fragments and neutral fat globules. 
These localizations are probably artifacts be- 
cause of the great solubility of the azo dye in 
lipid. It was not possible to demonstrate these 
enzymes histochemically in Schwann cells. 

Alkaline phosphatase. With two hours’ incu- 
bation, the alkaline phosphatase of sciatic 
nerve was demonstrated only in the vascular 
endothelium. After sixteen hours, the neuro- 
keratin showed a moderate reaction while the 
axons were negative or faintly positive (Fig. 
5). With totally degenerated sciatic nerve 
(forty-five days degeneration in the cat), al- 
kaline phosphatase could be demonstrated only 
in the vascular endothelium, the Schwann cells 
and macrophages being negative (Fig. 6). 

5-Nucleotidase. This enzyme was first dem- 
onstrated by Beckett and Bourne’ in axons and 
neurokeratin. Our results confirm their find- 
ings. The reaction in the axons of normal nerve 
was quite strong (Fig. 7), while the neuro- 
keratin reaction was less intense than that of 
acid and alkaline phosphatase. In forty-five- 
day degenerating cat sciatic, the 5-nucleotidase 
reaction is strongest in the macrophage and 
Schwann cell nuclei and less intense in the 
Schwann cell cytoplasm (Fig. 8). 

Adenosinetriphosphatase. In our experience, 
the ATPase reaction was erratic and the least 
dependable of the phosphatase reactions in 
normal nerve. In most instances, the neuro- 
keratin was heavily stained in four hours (Fig. 
9). In so far as neurokeratin was concerned, 
ATP was the most active phosphatase sub- 
strate. The reaction was quite uneven in that 
in some fibers the neurokeratin was stained 
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Fig. 1. Longitudinal section of normal cat sciatic, chloroform extracted. Gomori acid phospha- 
tase method, four hours’ incubation. x 430 


Fig. 2. Same as Figure 1 except sixteen hours’ incubation. x 430 


Fig. 3. Longitudinal section of seven-day pe ere cat sciatic, chloroform extracted. Gomori 
acid phosphatase method, sixteen hours’ incubation. x 430 


Fig. 4. Longitudinal section of forty-five-day degenerating cat sciatic. Acid phosphatase demon- 
strated with the azo dye method. Three hours’ incubation. x 525 
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Fig. 5. Longitudinal section of normal cat sciatic, chloroform extracted. Alkaline phosphatase, \ 
sixteen hours’ incubation. x 430 


Fig. 6. Longitudinal section of forty-five-day degenerating cat sciatic. Alkaline phosphatase, six- 
teen hours’ incubation. x 430 


Fig. 7. Longitudinal section of normal cat sciatic, chloroform extracted. 5-nucleotidase, sixteen | 
hours’ incubation. x 430 | 


Fig. 8. Longitudinal section of forty-five-day degenerating cat sciatic. 5-nucleotidase, sixteen 
hours’ incubation. x 430 


7 


7 


beg 1, } 
4 
{ 5 


HISTOCHEMISTRY OF NEUROKERATIN IN SCIATIC NERVE 


369 


Fig. 9. Cross section of normal cat sciatic, chloroform extracted. Adenosinetriphosphatase, four 
hours’ incubation. x 430 


Fig. 10. Longitudinal section of forty-five-day degenerating cat sciatic. Adenosinetriphosphatase, 


four hours’ incubation. x 430 


black, in others a light brown. There was also 
a variable and uneven staining of axons, al- 
though in most instances the axons were un- 
stained. In the forty-five-day degenerating cat 
sciatic, the reaction was very reproducible and 
the macrophage and Schwann nuclei were in- 
tensely stained, while there was a much less 
intense but definite cytoplasmic reaction in 
these cells (Fig. 10). 

Miscellaneous enzymes. Sulfatase and lipase 
could not be demonstrated in either normal or 
degenerating sciatic nerves. Glucuronidase, 
which is known to increase greatly in Wal- 
lerian degeneration,?! could only be faintly 
demonstrated in the Schwann cells with the 
azo dye method. As was mentioned in the 
case of acid phosphatase, this apparent failure 
was due to the inability of the Schwann cells 
to bind the enzymatically liberated napthol. 
More disturbing was the failure of the 8- 
hydroxyquinoline method of Fishman and Bak- 
er to demonstrate glucuronidase in the de- 
generating nerves. This method was very satis- 
factory with other tissues, but the degenerat- 


ing nerves were always negative. This matter 
will be given more study. 


DISCUSSION 


This brief study indicates that there are 
enzymes in neurokeratin and therefore in mye- 
lin. Since peripheral nerve myelin is an ex- 
tension of the Schwann cell cytoplasm, there 
is no a priori reason why this cytoplasmic ex- 
tension should not contain enzymes. The en- 
zyme reactions in neurokeratin are generally 
less intense than those in other sciatic nerve 
structures, that is acid phosphatase in axons 
and alkaline phosphatase in blood vessels. 
ATPase is an exception, and its neurokeratin 
reaction is as strong or stonger than that in 
the other structures. It should prove of interest 
to analyze the neurokeratin preparation of 
LeBaron and Folch for these enzymes. Such 
work is in progress in this laboratory. 

One can only speculate on the possible 
physiologic roles of these enzymes in the 
maintenance and degradation of myelin. Elec- 
tron microscopy*:*:® has failed to reveal mito- 
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chondria in myelin, and one might therefore 
expect a low respiration rate. That this is the 
case is indicated by the low respiration of 
Korey’s enriched myelin fraction.?* However, 
the presence of ATPase in myelin does indicate 
its ability to utilize high energy phosphate 
bonds. The presence of other phosphatases is 
not particularly surprising in view of the num- 
ber of phosphorus-containing lipids that might 
be present in myelin and the large amount of 
inositol phosphatide in neurokeratin itself. Sul- 
fate esters of cerebrosides are known to exist 
in nervous tissue,?* but sulfatase could not be 
demonstrated histochemically either in normal 
or degenerating nerve, even with twenty-four- 
hour incubation periods. Likewise, no lipase 
could be demonstrated by the Gomori tween 
method, even though the long chain fatty acid 
esters of myelin lipids are being hydrolzed in 
the Wallerian degeneration. Other workers 
have shown that the hydrolysis of long chain 
fatty acid esters by normal nervous tissue is 
either negative**:*> or very low.2® Lumsden** 
has stated that “lipase” actually decreases in 
sciatic nerve in Wallerian degeneration. Since 
he used methyl butryate as substrate, his re- 
sults more properly pertain to esterase than to 
lipase in the sense that lipase is concerned with 
the hydrolysis of long chain fatty acid esters. 
Most of the previous histochemical studies 
of phosphatases in peripheral nerve have uti- 
lized paraffin embedded tissue. This was done 
because of the difficulty in sectioning unfixed 
nervous tissue before the cryostat became gen- 
erally available. The rather weak enzyme re- 
actions in neurokeratin were consequently de- 
stroyed by the fixation, dehydration, and em- 
bedding procedures. However, it is still profit- 
able to compare our results with previous 
chemical and histochemical studies of normal 
and degenerating sciatic nerves. There is gen- 
eral agreement that acid phosphatase is demon- 
strated in axons by the Gomori method.*.2%.29 
There seems to be no clear-cut reference to 
acid phosphatase in neurokeratin. It is further 
agreed, and our results confirm this point, 
that the Gomori acid phosphatase reaction 
quickly disappears from the axons of degen- 
erating sciatic nerve.**-8° However, chemical 
analyses of degenerating sciatic nerve?.31.32 
show a large increase (up to 300%) in acid 
phosphatase activity. This conflicting evidence 
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has never been resolved. It is correct that the 
Gomori histochemical method shows a loss of 
acid phosphatase in degeneration while the 
chemical analyses show an increase, but this 
conflicting evidence may be partly explained 
by the fact that different substrates were used 
in the 2 experiments. In the chemical analyses, 
phenylphosphate*? or p-nitrophenylphosphate** 
was used while the Gomori method utilizes 
glycerophosphate. In our histochemical studies, 
we were able to demonstrate acid phosphatase 
in forty-five-day degenerating cat sciatic with 
the azo dye method using 6-benzoyl-2-napthyl 
phosphate as substrate and simultaneously 
coupling the enzymatically liberated napthol 
with diazo blue B. The histologic results were 
rather poor due to the relative lack of binding 
of the azo dye to the Schwann cell proteins, 
but there was, nevertheless, an extremely 
rapid enzymatic hydrolysis of the substrate as 
shown by the large amount of azo dye precipi- 
tated in the substrate solution. With other 
sections of the same nerves, there was no re- 
action with glycerophosphate as substrate. It 
would seem, therefore, that the acid phospha- 
tase that hydrolyses glycerophosphate is lost 
in Wallerian degeneration but a second acid 
phosphatase capable of hydrolyzing aromatic 
phosphate esters (but not glycerophosphate) 
is present in normal nerve and increases in 
Wallerian degeneration. 

Alkaline phosphatase is largely concentrated 
in the vascular endothelium of the sciatic 
nerve.*3 In degenerating rabbit sciatic nerve, 
Marchant" found a strong alkaline phospha- 
tase reaction in the Schwann cells which was 
not present in our material. Our findings would 
tend to be in agreement with the chemical 
analyses of Hollinger,®! in which a decrease 
of alkaline phosphatase was demonstrated in 
degenerating cat sciatic nerve. This decrease 
can probably be explained by the loss of neuro- 
keratin that contains moderate amounts of the 
enzyme. 

Hollinger*' found that 5-nucleotidase in- 
creases in sectioned cat sciatic nerve. It is 
difficult to tell from our sections if there is an 
increase because the localizations are so differ- 
ent in normal and degenerated nerve. In the 
former, there is a strong reaction in the axon 
and a lesser reaction in the neurokeratin, while 
in the latter there is a strong reaction in the 
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macrophage and Schwann cell nuclei and a 
lesser reaction in the cytoplasm of these cells. 


SUMMARY 


Normal and degenerating sciatic nerves of 


the cat and rat were studied with histochemi- 
cal methods and with particular reference to 
enzymes that could be localized in the neuro- 
keratin network. Acid phosphatase, 5-nucleo- 
tidase, and ATPase were demonstrated in the 


. Scumipt, W. J.: 


. Scumitt, F. O., Bear, R. S., 


. Pease, D. C. 


. LeBaron, F. N., 


. Beckett, E. B., 


. Meyer, J., 


. Worr, A., Kaspar, E. A., 


. Marcuanrt, J.: 


. Rutrensure, A. M., 


. Rurensurc, A. M., 


. Rutensure, A. M., 


371 


neurokeratin of normal nerves and in the 
Schwann cells of degenerated nerves. Alkaline 
phosphatase was localized in the neurokeratin 
of normal nerves but not in the Schwann cells 
of degenerated nerves. Sulfatase and lipase 
could not be demonstrated in either situation. 
The implications of these findings are discussed. 


The authors wish to express their gratitude to Mr. P. 
Eugene Parks, Jr., for technical assistance and to Mr. 
Philip Bleicher for the photography. 
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Cerebrovascular disease 


An analysis of 600 cases 


E. S. Gurdjian, M.D., D. W. Lindner, M.D., 
W. G. Hardy, M.D., and J. E. Webster, M.D. 


AT THE PRESENT TIME, management of the pa- 
tient with cerebrovascular disease poses a seri- 
ous challenge. With the increase in interest 
in this field, different viewpoints and disci- 
plines produce, at times, conflicting opinions. 
In due time, a healthy viewpoint should 
emerge with better results in management. 

Clinical manifestations in cerebrovascular 
disease may vary a great deal. In some in- 
stances, there may be only a history of vague 
attacks of dizziness, vertigo, diplopia, syncope, 
headaches, dysphasia, paresthesia, or progres- 
sive mental or emotional deterioration. In 
other cases, sudden or progressive onset of 
weakness or paralysis of one side of the body, 
with or without associated loss of conscious- 
ness, may occur. In some patients, episodic 
appearances of some or all of the above symp- 
toms and signs may occur, with little or no 
evidence of neurologic deficit remaining in the 
intervals between the attacks. 

In general, cases of cerebrovascular dis- 
ease may be grouped under 4 classes, accord- 
ing to the mode of onset: [1] the apoplectic 
form with sudden onset of hemiplegia or hemi- 
paresis with or without unconsciousness; [2] 
the episodic or recurrent form with transient 
attacks of focal neurologic symptoms and signs 
over a period of many months or years and 
often progressing to, or terminating in, hemi- 
plegia; [3] the slowly progressing form with 
signs and symptoms suggesting a mass lesion 
or mental deterioration; and [4] the form with 
minor nonfocal symptoms (Table 1). 

It is quite evident that such varying symp- 
toms and signs may also be seen in patients 
with conditions other than cerebrovascular 
disease. Certain neoplastic, traumatic, inflam- 
matory, and degenerative diseases, as well as 
vascular malformations and aneurysms of the 
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TABLE 1 
ANALYSIS OF ONSET AND COURSE IN 600 PATIENTS 
Detroit 
Memorial Grace 
Hospital Hospital Total Percent 
Apoplectic 114 102 216 36 
Recent 95 78 
Old 19 24 
Progressive 72 35 107 18 
Recurrent/episodic 57 68 125 21 
Minor 57 95 152 25 


nervous system, may manifest similar sympto- 
matology. A differential diagnosis, therefore, is 
extremely important and may be aided con- 
siderably by certain special diagnostic pro- 
cedures. 

A careful history and physical examination 
may indicate certain possibilities in the differ- 
ential diagnosis. The blood count, urinalysis, 
sedimentation rate, or blood urea nitrogen 
may suggest hypertensive disease, blood 
dyscrasias, cardiorenal abnormalities, or valvu- 
lar heart disease with repeated embolic phe- 
nomena. Plain roentgen films of the skull and 
chest, the electrocardiogram, the electroen- 
cephalogram, and lumbar puncture may give 
important additional information to better 
categorize the patient’s disease. Information 
derived from carotid compression tests, oph- 
thalmodynamometry, electroencephalograms, 
lumbar puncture, angiograms, and ventriculo- 
encephalograms may establish the exact diag- 
nosis in a given case. 


From the Department of Neurosurgery, Wayne State Uni- 
versity College of Medicine, and the Neurosurgical Services 
of the Grace and Detroit Memorial hospitals, Detroit. 

The authors were aided in this study by the Kresge Founda- 
tion. 
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TABLE 2 


AGE DISTRIBUTION 
(375 Males and 225 Females) 


Detroit 
Age Grace Hospital Memorial Hospital Total 
21-30 7 3 10 
31-40 12 15 27 
41-50 52 40 92 
51-60 80 100 180 
61-70 102 117 219 
71-80 45 23 68 
81-90 2 2 4 


MATERIAL 


The material consists of 600 consecutive pa- 
tients admitted to the neurosurgical wards of 
the Grace and Detroit Memorial hospitals with 
either a diagnosis of “stroke” on admission or 
proved cerebrovascular disease at discharge; 
300 consecutive admissions during two and 
one-half years (July 1956 to January 1959) 
are analyzed from the records of the Detroit 
Memorial Hospital and 300 consecutive cases 
from the Grace Hospital (July 1956 to May 
1959). Angiographic studies were carried out 
in 585 patients. There were 375 males and 
225 females. Age distribution is shown in 
Table 2. 

Of the patients analyzed in this study, 
36% had an apoplectic type of onset, 18% had 


373 


progressive symptoms and signs, 21% had re- 
current and episodic manifestations, and 25% 
had recurrent minor abnormalities. In Table 3, 
the relationship between mode of onset and 
duration of illness is shown. It may be noted 
that tumors usually fall in the progressive- 
chronic group, whereas aneurysms fall in the 
apoplectic-acute group. The most common 
focal abnormality was hemiplegia or hemi- 
paresis, found in 55%. Aphasia was noted in 
25%, and homonomous visual field defects 
were noted in 3% (Table 4). 

As shown in Table 5, 98% of the cases had 
angiographic studies. It is interesting to note 
that, in the entire group, 43% had occlusive 
disease demonstrated by angiogram in some of 
the larger vessels at the base of the brain and 
in the neck. Partial carotid occlusion was seen 
in 15%, complete carotid occlusion in the neck 
in 10%, anterior cerebral artery occlusion in 
the proximal portion in 11%, and middle cere- 
bral artery occlusion in 4%. Basilar vertebral 
disease was found in 3%. Small artery disease 
in the distribution of the middle cerebral was 
diagnosed in about 12% and in the distribution 
of the basilar-vertebral vessels in about 7%. 
Aneurysms and arteriovenous malfrmations 
were demonstrated in 4%. Intracerebral ivema- 
tomas were demonstrated in 2%, subdural 
hematomas in 1%, and brain tumors in 6%. The 
remaining cases were various examples of in- 


TABLE 3 
MODE OF ONSET AND DURATION OF ILLNESS 
Acute Subacute Chronic 
Type of onset (seen 1 to 3 days) (seen 4 to 10 days) (seen 10 or more days) 
140 35 41 
Apoplectic Tumor 5 Tumor 1 Tumor 1 
Aneurysm ll Aneurysm 5 Aneurysm 2 
Subdural 4 
9 98 
Progressive Tumor 1 Tumor 21 
Subdural 2 Aneurysm 1 
Subdural 1 
30 20 75 
Episodic Aneurysm | Aneurysm 1 Tumor 4 
Aneurysm 2 
10 11 131 
Minor Subdural 1 Tumor 3 
Aneurysm 3 


TABLE 4 
FOCAL MANIFESTATIONS 


Detroit 


Memorial Grace 


Hospital Hospital Total Per cent 
Aphasia 76 74 150 25 
Hemiparesis / 
hemiplegia 172 159 331 55 
Homonomous 7 12 19 3 


flammatory disease, embolism, encephalitis, 
multiple sclerosis, and brain abscess. 

Mortality in this series to date is 18%. Of 
108 total deaths, 76 died as a result of cere- 
brovascular disease. There were 19 primary 
tumors of the brain and 6 metastatic carci- 
nomas. Ruptured aneurysms caused 7 deaths. 
Included in the 76 cerebrovascular deaths are 
4 postoperative carotid surgery deaths, 3 angi- 
ographic deaths, and 2 deaths due to compli- 
cations of anticoagulation therapy (Table 6). 
Time of death is given in Table 7. 

Carotid artery occlusion in the neck, partial 
or complete, may be associated with an apo- 
plectic beginning in a little over a third of 
cases. It is interesting that, in some cases, when 
a partial occlusion is demonstrated, there may 
be a severe apoplectic abnormality. Episodic 
and recurrent attacks may be seen with a com- 
plete or partial occlusion of the carotid artery 
on one or the other side. The patient may 
improve even though the vessel is found com- 
pletely occluded. In other instances, a partial 
occlusion of the vessel may cause episodic 
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abnormalities. Slowly progressive symptoma- 
tology and signs may also occur with carotid 
artery occlusion in about 25% of cases. 

Vertebral basilar artery disease can be dif- 
ficult to diagnose in its early stages. Unilateral 
symptoms may suggest possible involvement 
of one or the other carotid systems with hemi- 
paresis. In some cases, quadraplegia may be 
seen. In others, there may be minor attacks of 
dizziness, vertigo, diplopia, and weakness in 
the distribution of the third or sixth cranial 
nerve with few or no other focal abnormalities. 
It is surprising that, in some cases, there is 
major occlusive disease of these vessels with 
little or no focal abnormality. Sensory changes 
on one side with contralateral weakness and 
other brain stem syndromes may occasionally 
be seen, but these are rather infrequent. Acute 
occlusion of the basilar artery produces un- 
consciousness, pinpoint pupils, and_ bilateral 
pyramidal tract signs with clear cerebrospinal 
fluid. Small artery disease in the basilar-verte- 
bral systems is considered when clinical evi- 
dences of brain stem involvement exist with a 
normal angiographic pattern. 

During the past year, the subclavian-verte- 
bral junction has been studied by appropriate 
angiographic technics. In 28 cases so studied, 
the vertebral origin was stenosed in 3, while 
the entire length of the vessel was athero- 
matous in 8. Certain segments of the verte- 
bral could not be visualized in 3. In many in- 
stances, it was difficult to state what corre- 
lations might be drawn from the angiographic 
and clinical findings (Fig. 3). 


TABLE 5 
ANGIOGRAPHIC FINDINGS IN 585 CASES 
Detroit 
Memorial Hospital Grace Hospital Total 
Partial internal carotid occlusion 29 61 90 
Bilateral 9 21 30 
Complete internal carotid occlusion 26 34 60 
Bilateral 4 2 6 
Proximal anterior cerebral occlusion 31 38 69 
Middle cerebral occlusion 15 10 25 
Vertebral basilar occlusion 5 14 19 
Aneurysm or atrioventricular malformation 13 9 22 
Intracerebral hematoma 4 10 14 
Subdural hematoma 3 4 7 
Brain tumor 21 14 35 
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TABLE 6 
ANALYSIS OF 108 DEATHS 
Detroit 
Memorial Grace 
Hospital Hospital Total 
Cerebrovascular disease 45 31 76 
Primary tumor of 
the brain 8 ll 19 
Metastatic carcinoma 3 3 6 
Aneurysm 3 4 7 
Total deaths 59 49 108 


Occlusion or stenosis of the first portion of 
the anterior cerebral artery has been seen 
fairly commonly in our patients. If the stenosis 
were due to congenital causes, as it may be, 
insufficiency in the distribution of this vessel 
and its proximal portion may be a factor in 
the causation of symptoms that vary from 
psychosomatic abnormalities to contralateral 
weakness or paralysis, usually involving the 
arm and face. In our experience some of these 
patients have improved, showing that rever- 
sibility is possible. 

Middle cerebral trunk occlusion is usually 
associated with a severe degree of hemiplegia 
of the opposite half of the body. However, in 
an occasional patient with middle cerebral 
trunk occlusion, there may be no hemiplegia 
or demonstrable weakness. 

Small artery disease in the distribution of 
the middle cerebral is inferred in patients with 
severe hemiplegia and normal angiograms. In 
a few instances, this diagnosis is verified by 
angiographic findings showing atheromatous 
changes in secondary and tertiary branches of 
the middle cerebral artery. Frequently, these 
patients have associated hypertensive cardio- 
renal disease. 

Posterior cerebral artery disease with 
homonomous hemianopsia is most commonly 
seen in association with basilar artery insuf- 
ficiency. A diagnosis of primary posterior 
cerebral artery occlusion has been made oc- 
casionally in our series. 

Massive intracranial hemorrhage was diag- 
nosed in 19 instances; 5 of this group were 
moribund on admission, and diagnosis was 
verified at autopsy. In the remaining 14 cases, 
a diagnosis of massive intracranial hemorrhage 
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was made on the basis of angiographic find- 
ings. That small areas of hemorrhage may oc- 
cur without being demonstrated in the angio- 
gram is definitely known. 

Extensive areas of the brain may be in- 
farcted from occlusion of a major vessel. 
Softening and hemorrhage may occur. Some- 
times, almost an entire hemisphere is in- 
farcted. In other instances, only small areas of 
infarction can be found at autopsy. Small 
infarcts in strategic positions may result in 
severe disability but may not be diagnosible 
by angiogram. Massive infarction can cause a 
shift of structures in the angiogram suggesting 
a mass lesion. 

Cardiac valvular disease with frequent em- 
bolic phenomena may simulate the episodic 
form of cerebrovascular disease. It is extremely 
important to consider embolic phenomena 
from cardiac disease in the differential diag- 
nosis. 

In 10% of the 600 cases, mass lesions pre- 
sented a significant diagnostic problem. Many 
of these patients could well have passed for 
examples of cerebrovascular disease were it 
not that angiographic examination resulted in 
proper diagnosis. Several meningiomas and 
subdural hematomas were seen among those 
patients; removal of the mass abolished dis- 
ability. There were instances of both these 
conditions in which patients presented epi- 
sodic histories and had previous hospital ad- 
missions and treatment for “cerebrovascular 
accident.” 

Among the entire group of cases, 9% had 
carotid artery explorations, 4% having had 
intimectomy and 5%, cervical sympathectomy 
with excision of a portion of the completely 


TABLE 7 
TIME OF DEATH 
Detroit 
Memorial Grace 
Hospital Hospital Total 
Up to 12 hours 3 1 4 
Up to 24 hours 2 0 2 
Up to 48 hours 3 1 4 
Up to 7 days 14 8 22 
Up to 14 days 6 8 14 
Over 14 days 31 31 62 
Total 59 49 108 
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The procedure is carried out with the pa- 
tient sitting up, either in bed or on a chair. 
The carotid bifurcation is palpated, care- 
fully manipulated, and massaged while an 
assistant notes the patient’s pulse rate. Semi- 
conscious or uncooperative patients may re- 
main supine. Palpation of the area of bifur- 
cation is followed by compression, so that 
the bifurcation and common carotid artery 
are completely occluded. 

In some patients, syncope may result from 
compression of the bifurcation but not from 
compression of the common carotid lower 
down. This may occur if the carotid artery 
slips out from under the compressing finger. 
In other instances, the greater degree of 
ischemia produced by occlusion of commu- 
nications between the internal and external 
carotid arteries, as well as from the opposite 
side to the side compressed, may be the 
cause. 

During the period of compression, the pa- 
tient is asked to count and changes in his 
conscious state, respirations, and pulse are 
noted. In many instances, simultaneous elec- 
troencephalographic and electrocardiograph- 
ic controls are carried out. Cinematophoto- 
graphic records have been taken to show 
movements of the body parts and the gen- 
eral demeanor of the patient during and 
after compression. We never compress both 
carotids at the same time, thinking that this 
may be a dangerous procedure, particularly 
in patients with cerobrovascular insufficiency. 
We believe that carotid bifurcation ma- 
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nipulation in such patients may result in 
compression sufficient to cause syncope from 
ischemia. 

In one of our patients explored for endar- 
terectomy, we could clamp the common or 
internal carotid without any syncope at the 
end of five minutes. However, when the 
clamp was applied to the common and ex- 
ternal carotids or the internal and external 
carotids, the patient had syncope in about 
thirty seconds. This indicates that the ex- 
ternal carotid helped supply blood to the 
intracranial structure; when the artery was 
compressed, this supply as well as the blood 
going up the internal carotid artery was 
stopped. 

In the semiconscious patient, an increase 
in the severity of coma may be noted on 
compression of the carotid bifurcation. This 
is a positive test. 

The use of atropine, intravenously or in- 
tramuscularly (1/50 to 1/75 of a grain), is 
effective in controlling the vagotonic type of 
carotid sinus irritability. After atropine, there 
may still be some bradycardia but the pa- 
tient does not have asystole. 

We feel that the vasodepressor type of 
response is not necessarily typical of the 
carotid sinus, but one can also get this effect 
from other factors, such as fear, anxiety, the 
watching of an operation, the sight of blood, 
or distension of the lower bowel. 

Patients who have syncope on carotid bi- 
furcation compression or palpation should 
be studied by angiogram. 


thrombosed internal carotid artery. Other 
operative procedures included craniotomy for 
tumor in 28 cases, removal of hemorrhagic 
infarcts in 13, subdural hematoma excision in 
8, and surgical treatment of aneurysms and 
arteriovenous malformations in 5. 


DIAGNOSIS 


Aside from a careful history and physical 
examination, roentgen films of the skull, elec- 
troencephalograms, and_ electrocardiograms, 
certain other tests are of value in the diag- 
nostic evaluation of the patient. These include 
-arotid compression tests, ophthalmodyna- 
mometry, lumbar puncture, angiograms, and 
ventriculoencephalograms. 

Carotid compression indicate 


tests may 


cerebrovascular insufficiency. Compression of 
one carotid may result in dizziness, syncope, 
and convulsive movements. If so, there mav 
be a partial or complete occlusion of the op- 
posite internal carotid artery or the proximal 
portion of the anterior cerebral artery on the 
opposite side. If syncope is obtained from 
compression of either carotid artery, there may 
be insufficiency in the distribution of the 
vertebral-basilar system. When carotid bifur- 
vation manipulation is associated with brady- 
cardia and asystole, or lowering of the blood 
pressure, carotid sinus irritability that may 
produce syncope may be considered. Extensive 
studies show that syncope resulting from com- 
pression of the carotid artery on one side or 
the other is indicative of cerebrovascular in- 
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Fig. 1. Left and right carotid —- of a 
hemiparesis, showing atheromatous 


sufficiency in about 80% of cases. Carotid sinus 
irritability and ischemic responses may coexist 
and should be differentiated, as explained in 
a previous publication.’ 

Ophthalmodynamometry is particularly of 
value when a carotid artery occlusion is sus- 
pected in the neck. Under these circum- 
stances, retinal artery pressure is lowered on 
the side of occlusion. This test is about 70% 
accurate.” 

Lumbar puncture is an important aid in 
differential diagnosis. Blood found in the 
cerebrospinal fluid and its concentration and 
the presence of yellow supernatant fluid after 
centrifugation indicate a hemorrhagic lesion. 
Clear cerebrospinal fluid favors occlusive dis- 
ease, but this is not absolute. Deep seated 
hemorrhagic lesions may be unassociated with 
a bloody cerebrospinal fluid. Special spinal 
fluid determinations including total protein, 
culture, sugar, chlorides, serologic tests, trans- 
aminase, and other studies may be indicated 
under certain circumstances. Bloody cerebro- 
spinal fluid may be due to hypertensive en- 
cephalopathy, extensive areas of infarction, 


377 


patient admitted after sudden onset of right 


plaques in both internal carotid arteries at their origins 


ruptured aneurysms, or arteriovenous malfor- 
mations and angiomas. Giddiness or syncope 
associated with cerebrovascular disease may 
cause falling and trauma resulting in bloody 
cerebrospinal fluid. Occasionally, there may be 
a combination of pathologic conditions, as, 
for example, coexisting brain tumor and cere- 
bral hemorrhage. 

Angiographic findings have been most valu- 
able in the study of patients with cerebrovas- 
cular disease. As is true with all diagnostic 
technics, there are disadvantages as well as 
advantages. The obvious advantages are [1] 
good visualization of partially or completely 
occluded vessels of moderate or large size; 
[2] exact localization of the various lesions; 
[3] the relative ease and safety with which the 
method may be used; [4] rather frequent dem- 
onstration of unsuspected mass lesions; and 
[5] postoperative demonstration of patency 
or occlusion after intimectomy. Disadvantages 
include morbidity and mortality (death was 
ascribed to angiographic procedure in 3 pa- 
tients out of 585). The incidence of morbidity 
is not very high, about 2% or less, and the com- 
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Fig. 2. Autopsied brain of patient in Figure 1. The patient had a second hemorrhagic 
days after admission. Note the subacute hemorrhagic lesion in the left temporoparieta 


ten 


area, the 


larger recent hemorrhage on the right side which ruptured into the lateral ventricle, and the 


healed infarctions in the pons and cerebellum. 


plications were not permanent. Another im- 
portant disadvantage is that angiograms vis- 
ualize only the larger vessels. When secondary 
and tertiary branches of the main trunks are 
involved, no convincing record of this involve- 
ment is seen in the angiographic pattern. In- 
volvement of smaller branches of the basilar- 
vertebral system may cause devastating neuro- 
logic deficits, but the angiogram does not show 
the exact area of involvement. Small athero- 
matous changes in these vessels and in the 
branches of the anterior, middle, and posterior 
cerebral arteries may not be adequately seen, 
although the symptoms and signs may be 
severe. Furthermore, what may be a small 
but extremely dangerous atheromatous lesion, 
because of its proximity to an outgoing branch, 
may be completely overlooked, while an 
atheroma of larger size in a different position 
may be visualized and ascribed causative im- 
portance. Small areas of hemorrhage or in- 


farction are frequently not demonstrated 
(Figs. 1 and 2). 

Early use of the angiogram is valuable since 
partial occlusions may be visualized and 
treated surgically. Recently, occlusive disease 
causing cerebrovascular insufficiency has been 
seen in vessels more proximal to the heart, in- 
volving the vertebral subclavian junction as 
well as the aorta and innominate artery." 
Whether cerebrovascular insufficiency always 
results from these lesions may be difficult to 
prove. We believe carotid compression test- 
ing may be particularly valuable in this regard. 

Electroencephalograms in cerebrovascular 
disease are frequently normal or may show 
slight nonspecific changes. In other instances, 
focal destructive lesions may be seen. Diffuse 
abnormalities or multiple foci can occur and 
indicate a widespread process. There is no 
specific electroencephalographic pattern for 
diffuse cerebrovascular disease, but general- 
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ized, mixed, fast-slow dysrhythmias with or 
without focal or lateralizing components are 
quite common. Focal abnormalities present 
soon after an infarction tend to disappear, 
although delta foci may occasionally persist 
for many months or years. A progressive focal 
abnormality elicited by serial electroencephalo- 
graphic study suggests a tumor. 

When an ischemic effect is obtained as a re- 
sult of compression of a caratoid artery, there 
is slowing of the electroencephalographic rec- 
ord, particularly in the frontal and parietal 
leads and more so on the side of compression. 
This slowing becomes quite marked as the 
patient has a syncopal effect. In patients who 
can tolerate carotid compression, the electro- 
encephalographic records usually 
quite normal. 


remain 


TREATMENT 


The treatment of patients with cerebrovas- 
cular disease may be general or specific, de- 
pending upon the seriousness and type of the 
condition. Tube feeding, oxygen therapy, 
tracheotomy, and other supportive measures 
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may be indicated. In specific instances, surgi- 
cal treatment for intracranial hemorrhagic col- 
lections may be indicated. If a partial occlu- 
sion of a vessel in the neck has been demon- 
strated, intimectomy or a Dacron graft may be 
needed. 

In occlusive vascular disease, anticoagulant 
therapy may be used; information is accumu- 
lating in favor of the adequacy of this type of 
treatment in some individuals with occlusive 
disease. 


CONCLUSIONS 


Patients with cerebrovascular disease should 
be carefully studied with all available means, 
including careful history and physical exam- 
ination, roentgen films of the skull, electro- 
encephalograms, electrocardiograms, carotid 
compression testing, ophthalmodynamometry, 
lumbar puncture, and angiograms. Angiograms 
may reveal a mass lesion amenable to surgical 
intervention. In some cases, air contrast studies 
may also be indicated. 

Even though a patient with the apoplectic 
form of cerebrovascular disease shows im- 


Fig. 3. The vertebral-basilar arterial system visualized in a patient by open retrograde brachial 
angiogram. Note the stenotic lesion at the origin of the vertebral artery and the generalized ath- 
eromatous involvement of the vertebral and basilar arteries as well as the subclavian artery. 
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provement, careful diagnostic studies are not 
contraindicated. A partial occlusion or a con- 
dition amenable to surgical therapy may be 
uncovered, the treatment of which may pre- 
vent the occurrence of another attack weeks or 
months later. 

About 30% of patients with cerebrovascular 
disease have occlusive abnormality in the 
larger vessels in the neck and thorax. Angio- 
grams, ophthalmodynamometry, and carotid 
compression testing may help in diagnosis of 
these lesions. Partial occlusion of one of the 
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larger vessels in the neck or thorax may be 
successfully treated by operation or anticoagu- 
lant therapy. 

In the progressive form of cerebrovascular 
disease, studies are indicated in order to dif- 
ferentiate the condition from mass lesions and 
to institute the proper treatment, which other- 
wise may be unnecessarily postponed. It 
should also be emphasized that episodic focal 
attacks may be caused by mass lesions of the 
nervous system and certain inflammatory and 
degenerative diseases of the brain. 
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Cerebrospinal fluid-glutamic oxalacetic 
acid transaminase in patients receiving 


electroconvulsive therapy and 


in neurologic diseases 


Stuart H. Mann, M.D., Nicholas DePasquale, M.D., 
and Ruth Paterson, M.D. 


Coven and Hekhuis' demonstrated in 1941 
that the brain had a high rate of transamination 
when compared with other body tissues. This 
being so, it is not surprising that, upon death 
of cerebral tissue, increased amounts of cere- 
brospinal fluid—glutamic oxalacetic acid trans- 
aminase activity have been found in the cere- 
brospinal fluid. (Glutamic oxalacetic acid trans- 
aminase will hereafter be referred to as “trans- 
aminase.” ) 

Wakim and Fleisher? produced experimental 
cerebral infarction in dogs and found a signifi- 
cant increase in the spinal fluid transaminase. 
With Goldstein,* they extended their observa- 
tions to patients and found that there occurred 
a significant increase in spinal fluid transami- 
nase after cerebral infarction, head injuries, 
and convulsions and in degenerative diseases 
of the central nervous system. Miyazaki‘ also 
demonstrated an increase in spinal fluid trans- 
aminase activity after cerebrovascular strokes 
and in patients with convulsive disorders 
when specimens were taken during or soon 
after the end of convulsion. Green and associ- 
ates® studied a large number of patients with 
neurologic diseases and found an increase in 
spinal fluid transaminase in 64% of patients 
with cerebral infarction and in some cases of 
multiple sclerosis but not in patients with in- 
tracranial neoplasms. In a later report, Green 
and associates* noted an increase in this en- 
zyme in 10 of 24 patients with brain tumor. 

In all of these studies, spinal fluid trans- 
aminase was determined by the method of 
Karmen, Wréblewski, and LaDue’ or a modi- 


fication thereof; this method is complex and 
requires the use of an ultraviolet spectropho- 
tometer. For these reasons, few hospital labora- 
tories were able to carry out determinations 
of spinal fluid transaminase. However, in 1957, 
Reitman and Frankel* introduced a modifica- 
tion of the method of Umbreit and his associ- 
ates*?° which has greatly simplified the 
measurement of this enzyme. West and Zim- 
merman' and Gutteridge and McKean’? have 
recently shown in studies on serum that, when 
the 2 methods are compared directly, there is 
complete agreement between the results. The 
present study is the first (to our knowledge) 
in which the method of Reitman and Frankel 
has been applied to spinal fluid; the spinal 
fluid transaminase has been determined in pa- 
tients before and after electroconvulsive 
therapy and in patients with a variety of 
neurologic diseases. 


MATERIAL AND METHODS 


The control group in this study consisted 
of 30 patients without neurologic disease, who 
suffered a variety of urologic and gynecologic 
disorders and in whom lumbar puncture was 
performed to induce spinal anesthesia. The 
patients ranged in age from 23 to 70 years; 
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Units of CSF-GOT/ mi. 


Before 48 Normal 
No. Pts. (23) (12) (23) (23) (30) 


Fig. 1. Cerebrospinal fluid-glutamic oxal- 
acetic acid transaminase (CSF-GOT) levels 
in 23 patients before and fifteen minutes, 
twelve hours, and forty-eight hours after 
electroconvulsive therapy. The mean trans- 
aminase level rose from 7.8 units immediate- 
ly before treatment to 22.7 units at twelve 
hours after treatment. After forty-eight hours, 
the level had fallen to 9.8 units. 


there were 14 females and 16 males. The group 
of patients under study consisted of 23 pa- 
tients studied before and after electroconvul- 
sive therapy and 149 patients with a variety 
of neurologic disorders. In addition to spinal 
fluid determinations, serum transaminase was 
determined in some patients. 

The spinal fluid transaminase activity was 
measured by the modification of the method 
of Umbreit and associates® described by Reit- 
man and Frankel;* in this method, either a 
colorimeter or spectrophotometer may be em- 
ployed, and we used the latter. Cerebrospinal 
fluid (0.2 cc.) is added to 1 cc. of substrate 
(alpha-ketoglutaric and aspartic acid). These 
reagents were prepared and standardized by 
the Sigma Chemical Company in accordance 
with the method of Reitman and Frankel. The 
mixture is incubated for one hour at 37° C., 
after which the reaction is stopped by the ad- 
dition of 1 cc. of 2, 4 dinitrophenylhydrazine 
reagent. Twenty minutes later, 10 cc. of 0.4N 
NaOH is added at room temperature, and the 
solution is allowed to stand for thirty minutes; 


the color formed is measured in a Beckman 
DK spectrophotometer with a tungsten light 
source at a wave length of 505 my. The optical 
density values are converted to glutamic 
oxalacetic acid transaminase units (Karmen) 
at 25° C. from a calibration curve derived 
from measurements of a standard oxalacetic 
acid solution under identical conditions. 


RESULTS 


Normal values. The range of spinal fluid 
transaminase activity in the 30 patients with- 
out neurologic disease was 2 to 14 units, the 
mean being 7.8 units and the standard devia- 
tion, 3.4 units. Any value above 14 units was 
considered elevated. 

Electroconvulsive therapy. Figure 1 shows 
values obtained in 23 patients undergoing 
electroconvulsive therapy for psychiatric dis- 
orders. The mean spinal fluid transaminase 
rose from 7.6 units before therapy to 22.7 
units at twelve hours after treatment and, by 
forty-eight hours after treatment, had fallen 
to 9.8 units. In Table 1 are shown the serial 
spinal fluid transaminase determinations in the 
23 patients after electroconvulsive therapy, 
the number of treatments each patient had 
already received, and the time elapsed since 
the previous treatment. 

All of the patients had received electro- 
convulsive therapy before the time of this 
study; 20 of them had received from 3 to 10 
treatments, and each of the 3 remaining pa- 
tients had received between 20 and 25 treat- 
ments. There appears to be no correlation be- 
tween the number of previous electroconvul- 
sive treatments and either the immediate pre- 
treatment level or the posttreatment elevation 
of the spinal fluid transaminase. 

Of the 23 patients, 19 had received electro- 
convulsive therapy forty-eight hours before 
the treatment under study, 3 seventy-two 
hours previously, and 1 one hundred-twenty 
hours previously. For the 19 patients in whose 
cases forty-eight hours had elapsed since the 
last treatment, the mean spinal fluid trans- 
aminase increased from 7.8 units immediately 
before the treatment studied to 16.2 units at 
twelve hours after treatment and, by forty- 
eight hours after treatment, had fallen to 8.8 
units. The average of the 19 values of the sec- 
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TABLE 1 
SERIAL DETERMINATIONS OF CEREBROSPINAL FLUID TRANSAMINASE AFTER 
ELECTROCONVULSIVE THERAPY 


Time from last 


Number of electroconvulsive 
previous treatment Cerebrospinal fluid t: (Karmen units) 
treatments (hours) Before 15 minutes 12 hours 48 hours 
3 72 5 18 33 21 
6 48 8 10 7 
20 48 2 8 12 14 
8 120 6 15 36 9 
3 48 6 7 
6 48 3 8 10 5 
10 48 7 17 5 4 
9 48 4 12 6 3 
3 48 7 28 17 
9 48 4 7 13 ll 
3 48 4 8 7 
6 48 6 ll 32 ll 
6° 72 8 28 20 
8 48 14 36 49 10 
10° 72 7 10 14 9 
3 48 10 9 8 
3 48 7 9 10 12 
10 48 17 23 9 
22 48 7 17 4 
25 48 12 18 26 9 
7 48 10 18 13 
3 48 9 8 8 
6 48 ll 9 8 


regular schedule. 


ond difference (x,.—X,.)—(x,.—X»), was 10.2 
3 

units. The t-test with 18 degrees of freedom 
gives P—0.002. The sample evidence is suf- 
ficient to justify the conclusion that the in- 
crease and fall are not chance occurrences. Of 
the 19, 12 followed a pattern of this sort, and 
all 4 of those for whom the interval from the 
last treatment was greater than forty-eight 
hours exhibited the same pattern. 

In 12 of the patients, measurements were 
also made fifteen minutes after electrocon- 
vulsive therapy. All 12 showed an increase of 
spinal fluid transaminase over the pretreatment 
levels; the mean for the group was 14 units. 

The point in time after electroconvulsive 
therapy at which the average spinal fluid 
transaminase reaches its maximum cannot be 
estimated from our data. Only 1 of the 23 
patients had an elevated level (17 units) im- 
mediately before the treatment studied, and 


°These 2 patients were receiving electroconvulsive therapy at irregular intervals. The others were on a 


3 had elevated levels (21, 20, and 17 units) 
forty-eight hours after treatment. 
Cerebrovascular stroke. (The findings in 
the 149 patients with other neurologic dis- 
orders are summarized in Figure 2.) The 
criteria for the diagnosis of cerebrovascular 
stroke were identical with those outlined by 
Green and associates® for cerebral infarction, 
namely, the sudden onset of focal neurologic 
deficit in an arteriosclerotic patient, absence 
of gross blood or an increased number of white 
cells in the spinal fluid, and absence of signs 
and symptoms of increased intracranial pres- 
sure. There were 20 patients in this group, and 
the initial determinations in all patients were 
made within twenty-four hours of onset of 
symptoms; 15 had an elevation in the initial 
spinal fluid transaminase activity, the mean 
for the group being 24.9 units. Comparison 
of the group with cerebrovascular stroke with 


the normal group by the pooled median test 
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CSF-GOT LEVELS IN NEUROLOGICAL DISEASES 
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Fig. 2. Cerebrospinal fluid-glutamic oxalacetic acid transaminase levels for 149 patients with 


neurologic diseases and for 30 normal patients 


gives a P value of less than 0.001, indicating a 
significantly higher level in the stroke group. 

It now appears to be well established that 
there is a significant elevation in the spinal 
fluid transaminase in some patients with cere- 
brovascular strokes. As Table 2 shows, differ- 
ent authors have found elevation in from 21 
to 70% of their patients. In the 20 patients 
whom we studied, the initial level was ele- 
vated in 75%. The differences in the findings 
of the different authors may at first glance 
seem difficult to understand. 

This may be due to variation in the selec- 
tion of patients, because hospitals differ con- 
siderably concerning admission of patients 
with strokes. Thus, if only seriously ill pa- 


TABLE 2 
ELEVATION OF CEREBROSPINAL FLUID 
TRANSAMINASE IN CEREBROVASCULAR STROKE 


Number of 
Author patients % elevated 
Fleisher, Wakim, and Goldstein* 21 29 
Miyazaki* 32 28 
Green and associates® 53 64 
Green and associates* 37 70 
Katzman, Fishman, and 
Goldensohn™ 14 21 
Myerson, Hurwitz, and Sall" 18 28 
Lieberman and associates” 15 60 
— ——— 


tients were admitted and one assumed a re- 
lationship between the elevation of the spinal 
fluid transaminase and clinical severity, this 
might explain the variation in the reported 
frequency of elevation. Green and associates® 
found that “the magnitude of an individual 
increase correlated well with the extent of 
infarction and the clinical course,” and Green 
and associates® found the mean cerebrospinal 
fluid transaminase level in the patients whose 
infarction resulted in death to be more than 
twice that of those who recovered but noted 
that enzyme levels occasionally have failed to 
correlate with outcome. Miyazaki* found a 
tendency for patients with elevated transami- 
nase levels to have a poor prognosis, whereas 
those with normal levels were more likely to 
improve. However, Katzman, Fishman, and 
Goldensohn'* and Myerson, Hurwitz, and 
Sall'* found no correlation between the trans- 
aminase level and clinical severity. 

Table 3 shows the initial levels (within 
twenty-four hours of onset of symptoms) of 
spinal fluid transaminase in the 20 patients 
with strokes whom we studied and the serial 
determinations in 8 of these patients. There 
were 8 deaths, and the mean initial level in 
the 8 was 28 units as compared to a mean of 
22.8 in the 12 who recovered. It should be 
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noted that, of the 10 patients with levels be- 
low 20 units, 4 died and 6 recovered and, of 
the 10 with levels above 20 units, 4 died and 
6 recovered. Among the 8 patients who were 
studied with serial examinations, 1 had nor- 
mal levels on the first, fourth, and fifth day 
and died on the sixth; 2 patients with greatly 
elevated initial levels that had returned to 
normal by the twelfth and sixteenth day re- 
covered. In our study of 20 patients with 
cerebrovascular stroke, there appears to be 
no relationship between the initial level of 
spinal fluid transaminase and clinical course. 

It appears that in several of the reported 
series not all of the initial determinations were 
done within the first twenty-four hours after 
onset of symptoms. Wakim and Fleisher? did 
serial cerebrospinal fluid transaminase deter- 
minations after experimental cerebral infarc- 
tion in dogs and found that the highest values 
occurred within one hundred hours after in- 
farction and that, although the transaminase 
activity gradually decreased, the values were 
still higher than preinfarction levels fifteen 
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days after infarction. In their clinical study of 
21 patients, in only 7 were the determinations 
done within four days of infarction and, in 
8 patients, the interval between infarction and 
study was a month or more.* Green and asso- 
ciates* performed lumbar punctures at vary- 
ing times after infarction and found that the 
initial level may be normal but, as a rule, 
spinal fluid transaminase activity reached high 
levels about the third day and eften remained 
elevated for many weeks. However, they did 
not specify at what time after infarction the 
initial levels were done. Lieberman and asso- 
ciates'® studied all of their patients within 
fourteen days of infarction and found that the 
greatest elevation occurred within three to 
five days. All of the patients of Katzman, 
Fishman, and Goldensohn' were studied with- 
in ten days of onset of symptoms. Myerson, 
Hurwitz, and Sall,'* in their report on 18 pa- 
tients, did the determinations within four days 
of the stroke in 6 patients, and the interval 
was from one month to two years in 4 patients. 
Miyazaki‘ studied all of his 32 patients within 


TABLE 3 
CEREBROSPINAL FLUID TRANSAMINASE IN CEREBROVASCULAR STROKE 
(KARMEN UNITS) 


Clinical Day 

Recovered 5 9 4 

Died ll 10 18 

Recovered 12 9 

Recovered 14 

Died 14 

Recovered 15 28 12 
Recovered 15 

Died 3S D 

Recovered 17 

Died 18 

Recovered 22 

Recovered 23 

Recovered 34 28 16 12 
Recovered 35 

Died 37 

Died 37 

Recovered 41 

Recovered 41 37 12 
Died 42 


Died 49 47 D 
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two weeks of the stroke, 29 of them within 
the first four days. The same author’® had 
earlier found the greatest elevation to occur 
within one hundred twenty hours after 
onset of illness. One would therefore expect 
a higher percentage of elevations from his 
studies. It should be noted that, although he 
found the normal range to be 2 to 30 units, 
he used an upper limit of normal of 35 units 
in estimating that 28% of the patients with 
strokes showed an elevation but an upper limit 
of 29 units when discussing elevation as re- 
lated to prognosis. Had he made his observa- 
tion on the percentage of patients showing an 
elevation above the latter figure, he would 
have found 59% elevated rather than 28%. It 
is evident that the following are among the 
reasons why the findings of various authors 
differ from one another: [1] spinal fluid 
transaminase determinations have been made 
at times varying from twenty-four hours to 
two years after onset of symptoms; [2] there 
is some difference of opinion as to what con- 
stitutes an elevated value; and [3] some in- 
vestigators have based their conclusions on 
a single determination and others, on the high- 
est of serial determinations. 

Tumors of the central nervous sytem. In all, 
7 patients with primary and 3 patients with 
metastatic brain tumors were studied. The 
tumors included 4 glioblastomas, 1 astro- 
cytoma, 1 meningioma, 1 acoustic neuroma, 
and 3 metastatic carcinomas from the lung. In 
none of these patients was the spinal fluid 
transaminase elevated; 1 patient with a large 
glioblastoma involving most of the frontal 
lobes had a spinal fluid transaminase of 5 units. 

In 3 patients with spinal cord compression, 
the spinal fluid transaminase was considerably 
elevated (36, 46, and 48 units, respectively). 
Although the number of cases is small, a com- 
parison of these levels with the levels of the 
30 normal individuals by the Wilcoxen 2-sam- 
ple rank test gives a P value of less than 0.001. 
In all 3 patients, the cord compression was 
extradural, due to metastatic carcinoma of the 
vertebra from carcinoma of the colon in 2 
instances and from Hodgkin’s lymphoma in 
the third. 

Several authors*:*:*:'* have found elevations 
in some patients with brain tumors and Green 
and associates* found elevations in 2 of 3 


patients with spinal cord tumors, 1 meningio- 
ma and 1 spinal metastasis from carcinoma of 
the breast. The source of the elevated enzyme 
levels in neoplasms of the central nervous sys- 
tem is difficult to explain. It may be derived 
from the destruction of nervous tissue, from 
the blood due to increased permeability of the 
blood—cerebrospinal fluid barrier, or, as 
Green'’ has suggested, from the neoplastic 
cells of the tumor. Several authors*:*-1* have 
noted the lack of correlation between enzyme 
activity and the protein content of the spinal 
fluid in neoplastic diseases of the central 
nervous system, and this would argue against 
a hematogenous source of the enzyme. In all 
of our 3 patients, the cord compression was 
due to an extradural tumor, so that it would 
seem unlikely that the tumor itself was the 
source of the enzyme. It would appear more 
likely that the enzyme was released from the 
damaged tissues of the spinal cord. In all 3 
cases, the compression was relatively acute, 
the intervals between initial symptoms and 
onset of paraplegia (at which time the enzyme 
was measured) ranging from two to six weeks. 

Epilepsy. A group of 48 patients with 
epilepsy was studied in the postictal state. Of 
the total, 36 patients had grand mal seizures 
and 12 had psychomotor epilepsy. In most 
instances, the fluid was obtained approxi- 
mately fifteen minutes after convulsion had 
ceased. On several occasions, however, one 
or two hours had elapsed before lumbar punc- 
ture was performed. Of the 48 patients, 8 had 
elevations of the spinal fluid transaminase; 
these were all patients with grand mal epilep- 
sy. The mean for the 48 patients was 10.8 
units. Comparison of the epileptic group with 
the normals by the pooled median test gives a 
P value of less than 0.001, indicating a sig- 
nificantly higher level in the epileptic group. 

Reports on studies of patients with con- 
vulsive disorders are conflicting. Katzman, 
Fishman, and Goldensohn'* and Green and 
his associates* found normal levels of spinal 
fluid transaminase, but Myerson, Hurwitz, and 
Sall'* found elevated transaminase activity in 
2 of 6 patients with grand mal epilepsy. 
Fleisher, Wakim, and Goldstein* found ele- 
vations in 4 of 12 patients with generalized 
seizures and 2 of 7 patients with focal seizures, 
but there was a significant elevation in the 
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entire group with convulsive disorders. Green 
and associates* and Green’? assumed that 
Fleisher and his colleagues obtained the 
spinal fluid from their patients during the 
procedure of pneumoencephalography and 
suggested this was the explanation of the 
elevation. However, none of the authors men- 
tioned the time at which the specimens were 
obtained relative to the seizures. Miyazaki* 
noted this and, in his study of 7 patients with 
convulsive disorders, found elevations of 
spinal fluid transaminase only when the speci- 
men was obtained during or shortly after a 
convulsion. As lumbar puncture in our epi- 
leptic patients was performed shortly after 
seizure, the significant elevation in this group 
is in agreement with Miyazaki’s data. 

Pneumoencephalography. In 4 patients un- 
dergoing pneumoencephalographic examina- 
tion, the spinal fluid transaminase was deter- 
mined on the first and last quantities of fluid 
withdrawn. These showed normal spinal fluid 
transaminase on the first specimen and had 
elevated levels with a mean of 25 units at the 
end of the procedure. Comparison of these 
with the normals by the Wilcoxen 2-sample 
rank test gives a P value of less than 0.001. 
This elevation of spinal fluid transaminase 
during pneumoencephalographic study is in 
agreement with the much more thorough 
study of Green and associates® on 8 patients. 
They found that the transaminase activity as 
determined on each 10 cc. of spinal fluid be- 
fore each air injection increased at a rapid 
rate to a peak value at the end of the proce- 
dure and returned toward normal twenty-four 
to seventy-two hours later. Spinal fluid cell 
counts did not increase during the procedure 
but were frequently high twenty-four to sev- 
enty-two hours later. 

Miscellaneous diseases. A total of 22 patients 
considered to have organic dementia as the re- 
sult of cerebral arteriosclerosis or multiple 
cerebral infarctions was studied; 1 patient in 
this group had a spinal fluid transaminase of 
15 units. Each of the remaining patients had 
normal transaminase levels. The mean for the 
group was 7.9 units. 

Of 9 patients with Parkinson’s disease, 2 
had very slight elevations in the spinal fluid 
transaminase level. The mean for the group 
was 9.7 units. Slight elevations in transaminase 
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activity were noted in 1 of 4 patients with 
acute head trauma and 2 of 6 patients with 
neurosyphilis. There was no increase in the 
spinal fluid transaminase of patients with mul- 
tiple sclerosis, pseudotumor cerebri, Guillian- 
Barré syndrome, or amyotrophic lateral sclero- 
sis. In 1 patient with Wilson’s disease, the 
spinal fluid transaminase activity was 4 units 
and the serum transaminase was 12 units. 
Both of these values are low. 


DISCUSSION 


The primary purpose of this investigation 
was to determine the effect, if any, of electro- 
convulsive therapy on spinal fluid trans- 
aminase activity. This has been reported previ- 
ously in only 4 patients.* Because of the avail- 
ability of clinical material, we extended our 
studies to a variety of neurologic diseases. 

Many studies of electroconvulsions in ex- 
perimental animals have been done. Hartel- 
ius'® has recently reviewed and classified the 
neuropathologic changes found in these in- 
vestigations. There were 4 principal groups 
of pathologic change: vascular, glial, nerve 
cell, and irreversible in the form of disap- 
pearance of nerve cells and areas of devasta- 
tion. There was, however, considerable vari- 
ation in the pathologic findings and the con- 
clusions drawn from them by the different 
authors. Hartelius, in his own carefully con- 
trolled experiments, produced electroconvul- 
sions in healthy cats and found significant 
alterations in the isocortex of the treated ani- 
mals. The neuropathologic changes were most 
marked in the vessel wall, the next in impor- 
tance were nerve cell changes, and last was a 
glial reaction of progressive type. These phe- 
nomena were most evident in the animals with 
a medium survival time (forty-eight to ninety- 
six hours) after electroconvulsive therapy and 
in those given more intense treatment (11 to 
16 treatments). He also found that the differ- 
ence between the controls and the treated 
animals was most apparent in older animals. 
Although he found that irreversible changes 
may occur after electroconvulsive therapy, he 
stated that “the incomparably greater ‘propor- 
tion of changes in the vessel wall, the glia and 
the nerve cells may therefore be regarded as 
reversible.” 

A similar review of the pathologic changes 
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TABLE 4 


SERUM TRANSAMINASE IN ELECTROCONVULSIVE 
THERAPY (KARMEN UNITS) 


15 minutes 


Patient Before after electro- 
convulsive 
therapy 

1 39 36 

2 14 16 

3 16 22 

4 18 20 

5 17 21 

6 37 36 

7 28 19 

8 12 17 

9 16 28 
10 19 23 
MEAN 22 24 


in brains of patients dying after electrocon- 
vulsive therapy was reported by Madow."® By 
far the most frequent alterations in the brain 
were in the vascular system; petechial hemor- 
rhages occurred in 17 of 38 cases, subarach- 
noid hemorrhage in 4 cases, and large intra- 
cerebral hemorrhage in 2 cases. Nerve cell 
and glial changes were not common. The 
number of electroconvulsive treatments varied 
from 1 to 46 and the interval between the last 
treatment and death, from “immediately” to 
five months, the majority having died within 
one day of the final treatment. The existence 
of concurrent severe somatic disease, espe- 
cially of the cardiovascular system, reported 
by most of the authors, make the interpreta- 
tion of the pathologic changes in the brain 
more difficult. Madow noted that 40% of the 
deaths were considered probably due to, or 
markedly influenced by, cerebral complica- 
tions. 

The risk of death in electroconvulsive thera- 
py is extremely small, and Madow was cor- 
rect to emphasize that, because neuropatho- 
logic changes have been recognized at autopsy, 
similar changes do not necessarily occur in all 
patients treated by this method. Petechial 
hemorrhages were the most common patho- 
logic changes found in the brains of patients 
dying after electroconvulsive therapy and 
were observed by Hartelius'* to occur in both 
his control and treated animals but more com- 


monly among the animals subjected to electro- 
convulsive therapy. This suggested an in- 
creased susceptibility to terminal hemorrhage 
with electroconvulsive therapy. Altschule, 
Sulzbach, and Tillotson?® observed a marked 
transitory elevation in venous pressure in pa- 
tients during electrically induced convulsions 
and discussed the possibility that this might 
result in capillary hemorrhages, noting that 
increased capillary fragility is known to occur 
in malnourished and elderly patients. How- 
ever, they considered this was unlikely be- 
cause the marked venous hypertension was of 
such brief duration. The elevation of the 
cerebrospinal fluid transaminase found after 
electroconvulsive therapy appears to be a 
transient change, due to some reversible proc- 
ess and unrelated to the number of previous 
treatments. Despite the transient nature of the 
elevation, it would seem possible that the in- 
creased enzyme activity may be due to 
petechial hemorrhages. 

An alternative explanation of the elevation 
of spinal fluid transaminase after electrocon- 
vulsive therapy might be that the blood—cere- 
brospinal fluid barrier, which normally pre- 
vents transaminase from passing from the serum 
to the spinal fluid,'®* becomes more perme- 
able after electroconvulsive therapy. An in- 
creased permeability of the blood-brain barrier 
has been demonstrated after electroconvulsive 
therapy in animals.??-2* Sanguinetti, Cenciotti, 
and Turchetto,** in a study of 10 patients, re- 
ported that the serum transaminase activity 
was significantly increased fifteen minutes after 
electroconvulsive therapy. They made no de- 
terminations of the spinal fluid transaminase. 
The present authors determined the serum 
transaminase in 10 patients before and after 
electroconvulsive therapy (Table 4), and there 
was only a slight increase in 7 of the 10; the 
increase was not found to be significant. Refer- 
ence may also be made to the observations of 
Spiegel-Adolf, Wilcox, and Spiegel®® of an in- 
crease in enzymatic substances apparently be- 
longing to the group of nucleases and desami- 
nases in the cerebrospinal fluid after electro- 
convulsive therapy. They discussed the possi- 
bility that these enzymes were derived from 
the blood and were appearing in the spinal 
fluid after electroconvulsive therapy due to an 
increased permeability of the blood—cerebro- 
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spinal fluid barrier and noted that, if this were 
so, one would expect to find similar increase in 
other proteins in the cerebrospinal fluid. They 
found no concomitant increase in the protein or 
lipolytic activity of the cerebrospinal fluid. 

A third possible source of the increased 
transaminase in the cerebrospinal fluid after 
electroconvulsive therapy is the parenchyma 
of the central nervous system. Green and asso- 
ciates,® in discussing the elevation of trans- 
aminase in the cerebrospinal fluid during pneu- 
moencephalographic study, suggested that the 
cells of the central nervous system may release 
enzyme while retaining viability. It is known 
that considerable hypoxemia occurs in elec- 
trically induced convulsions,”*:?" and it would 
seem possible that the enzyme could be re- 
leased from nerve cells under anoxic condi- 
tions. 

Whatever the explanation, one would ex- 
pect to find a similar increase of enzyme activ- 
ity after generalized convulsions of other 
etiology. Miyazaki* found this to occur in pa- 
tients with generalized epileptic seizures, and 
the present authors also found an elevation of 
cerebrospinal fluid transaminase in 8 of 36 pa- 
tients shortly after grand mal epileptic seizure. 


SUMMARY 


1. Cerebrospinal fluid transaminase was de- 
termined by a greatly simplified method in 23 
patients before and after electroconvulsive 
therapy and in 149 patients with various neuro- 
logic diseases. 

2. Cerebrospinal fluid showed a significant 
elevation in transaminase activity twelve hours 
after electroconvulsive therapy; this had re- 
turned toward normal by forty-eight hours 
after treatment. 

3. Of 20 patients with cerebrovascular 
stroke, 15 had an elevation in cerebrospinal 
fluid transaminase by measurements made 
within twenty-four hours of onset of symptoms. 
There appeared to be no relationship between 
the initial level and clinical course. 

4. Elevated cerebrospinal fluid transaminase 
levels were found in 3 patients with metastatic 
tumors compressing the spinal cord, whereas 
10 patients with brain tumors, some of which 
were metastatic, had normal transaminase ac- 
tivity. 


5. All of 4 patients undergoing pneumoen- 
cephalographic study had elevated cerebro- 
spinal fluid transaminase levels at the end of 
the procedure. 

6. Of 36 patients with grand mal epilepsy, 
8 were found to have elevated cerebrospinal 
fluid transaminase activity shortly after gen- 
eralized seizures. 


7. There was no significant elevation in the 
cerebrospinal fluid transaminase in patients 
with degenerative diseases of the central nerv- 
ous system. 


ADDENDUM 


Since this paper was read, Lending, Slo- 
body, and Mestern have reported on the effect 
of convulsions on cerebrospinal fluid transami- 
nase (Neurology 9:672, 1959). The authors 
produced prolonged convulsions in puppies 
and found that seizures of longer than thirty 
minutes’ duration caused the levels of trans- 
aminase activity in both plasma and cerebro- 
spinal fluid to rise to approximately 3 times 
that of the control animals. However, cisternal 
fluid-plasma transaminase ratios were essen- 
tially similar in the control and experimental 
groups, and the authors concluded that the 
elevated cerebrospinal fluid transaminase, im- 
mediately after seizures, was probably due to 
an increase in cerebral-cell membrane permea- 
bility and not due to an increased permeability 
of the blood—cerebrospinal fluid barrier. 


The authors are grateful for the assistance of Dr. L. Elveback 
in the statistical analysis of the data reported in this paper. 
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Cerebral embolism caused by 


nonbacterial thrombotic endocarditis 


Kevin D. Barron, M.D., Edir Siqueira, M.D., and Asao Hirano, M.D. 


NECROPSY EXAMINATION of the cardiac valves 
in illnesses of a chronic wasting character occa- 
sionally discloses the presence of sterile vege- 
tations derived from fibrin and formed ele- 
ments of the blood. The term most commonly 
applied to this condition is nonbacterial throm- 
botic endocarditis. Before the report of Hult- 
quist,' there had been only isolated accounts 
of the clinical effects produced by this lesion.?-* 
Hultquist stressed the association of nonbacter- 
ial thrombotic cardiac vegetations with cancer 
and emphasized their significance in the causa- 
tion of cerebral embolism. 

The present communication consists of a 
clinical and anatomic survey of cases of non- 
bacterial thrombotic endocarditis autopsied at 
the Montefiore Hospital during the years 1948 
to 1958. The authors are primarily concerned 
with the cerebral symptomatology produced 
by this lesion. A general review of the history 
of nonbacterial thrombotic endocarditis, a sum- 
mary of the conflicting terminology, and a dis- 
cussion of its nature and pathogenesis may be 
found in the paper of MacDonald and Rob- 


bins.* 


ANATOMIC MATERIAL 


In a total of 3,054 complete autopsies, there 
were 33 cases of nonbacterial thrombotic endo- 
carditis, an incidence of slightly more than 1%. 
The principal associated conditions are indi- 
cated in the table. It is apparent that 85% of 
the patients suffered from malignant neoplasia. 
There were 16 males and 17 females. The 
youngest patient was 34 years of age and the 
oldest, 81. The majority were between 50 and 
70 years at death. Vegetations were limited to 
the mitral and aortic valves, the former being 
the more frequent site. In a few instances, 
both the mitral and aortic valves were affected. 
On 5 occasions, the involved valves were the 
seat of a healed rheumatic process. 


PRINCIPAL CONDITIONS ASSOCIATED WITH NON- 
BACTERIAL THROMBOTIC ENDOCARDITIS 


Malignant neoplasms 
Carcinoma of lung 
Carcinoma of gallbladder 
Carcinoma of pancreas 
Carcinoma of stomach 
Carcinoma of cervix 
Carcinoma of ovaries 
Carcinoma of kidney 
Carcinoma of rectum 
Carcinoma—unknown primary site 
Erythroleukemia 


Miscellaneous 
Chronic rheumatic heart disease 
Generalized arteriosclerosis 
Parkinson’s disease; emaciation 
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Of interest was the frequent association of 
venous and arterial thromboses. In 15 cases, 
there were venous thromboses in the limbs. 
Recent thromboses of the coronary or pulmon- 
ary arteries were present in 4. Isolated ex- 
amples of thrombosis of the prostatic plexus, 
inferior vena cava, superior sagittal sinus, and 
portal vein were found. Sproul’ noted the 
association of nonbacterial thrombotic cardiac 
vegetations with multiple venous thromboses 
in 4 cases of pancreatic carcinoma. It has been 
suggested that the vegetations and vascular 
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thromboses have a common basis in a hyper- 
coagulable state of the blood.*-* 

Evidences of recent embolic infarcts at- 
tributable to the valvular vegetations were 
found in the organs of 19 of the 33 patients, 
an incidence of 58%. Pulmonary infarcts were 
not included in this computation, and cases 
exhibiting thrombi in the cardiac chambers 
were likewise excluded from consideration. 
No examples of pulmonary venous thrombosis 
were noted. Arterial emboli were histologically 
demonstrable in most of the 19 cases that 
showed embolic infarcts. Where anatomic 
demonstration of an embolus was lacking, the 
diagnosis of embolism was indicated by the 
multiplicity and recency of infarcts. The spleen 
and kidneys were the most frequent extracere- 
bral sites of embolic infarction. On one occa- 
sion, a renal embolus was grossly demonstrable, 
and, on another, embolic occlusion of the left 
coronary artery was macroscopically evident. 
With these exceptions, however, emboli in or- 
gans other than the brain were only demon- 
strable in histologic sections. The emboli were 
similar in appearance to the vegetations ob- 
served on the cardiac valves. They appeared 
to consist for a large part of fibrin and pre- 
sented an eosinophilic, homogeneous, and rel- 
atively acellular appearance. 

The 19 cases of nonbacterial thrombotic en- 
docarditis in which embolization had occurred 
included 10 examples of cerebral embolism. 
In 6 of the latter, macroscopic occlusion of the 
middle cerebral artery or of a major branch of 
that vessel was seen. In 3, emboli in small 
cerebral arteries were only demonstrable in 
histologic sections. In the tenth case, though 
cerebral emboli could not be demonstrated, 
numerous small recent zones of encephalo- 
malacia, most probably embolic in origin, were 
noted. Whether macroscopic cerebrovascular 
occlusions were present or absent, it was com- 
mon to find multiple emboli on microscopic 
examination of brain sections. Thus, small 
arteries and arterioles in the leptomeninges, 
cortex, and white matter were frequently the 
site of embolic occlusion, distal to the site of 
a macroscopically evident major obstruction. In 
the authors’ material, emboli were limited to 
the middle cerebral artery and its branches 
except for one instance of embolization to a 
branch of the anterior cerebral artery and one 


of embolization to small arteries in the cere- 
bellar leptomeninges. 

The cerebral emboli presented a histologic 
appearance very similar to that of the cardi- 
ac vegetations and emboli in other organs. 
They were homogeneous, acellular, and eosino- 
philic in hematoxylin-eosin preparations. Some- 
times, degenerating erythrocytes, leukocytes, 
and platelets were incorporated within the 
clot by broad eosinophilic strands. In Nissl 
preparations, the emboli stained a faint blue. 
The infarcts produced did not differ grossly or 
histologically from those caused by other forms 
of embolic cerebrovascular occlusion. 

During the period from which this material 
was gathered, 105 cases of cerebral embolism 
were diagnosed at autopsy in this institution. 
In 38 of these, cerebral emboli were demon- 
strated by gross and/or microscopic examina- 
tion. In the remainder, the diagnosis of cere- 
bral embolism was based on a combination of 
clinical data (sudden onset of signs of cerebro- 
vascular occlusion, cardiac arrhythmias) and 
anatomic evidence (mural thrombi, multiple 
infarcts in other organs, multiple zones of en- 
cephalomalacia with relative absence of cere- 
bral arteriosclerosis). Thus, in the Montefiore 
Hospital autopsy series, nonbacterial throm- 
botic endocarditis was the source of 9.5% (10 
of 105) of all cases of cerebral embolism and 
of 24% (9 of 38) of those in which emboli 
were actually demonstrated anatomically. 


CLINICAL FEATURES 


The clinical manifestations of nonbacterial 
thrombotic endocarditis are largely confined 
to the effects of cerebral embolization. Al- 
though emboli to the coronary, renal, and 
splenic arteries are frequent, they rarely pro- 
duce symptoms. In a single case in this series, 
a coronary embolus resulted in a large infarct 
that may have been the immediate cause of 
death. Microscopic hematuria, possibly due 
to renal emboli, was an occasional occurrence. 
Several patients presented signs of emboliza- 
tion to the extremities shortly before death. 

In some reports,** the nonbacterial cardiac 
vegetations have been associated with a change 
in the character of a preexistent cardiac mur- 
mur or the development of a murmur during 
hospital observation. In the authors’ series, 
murmurs were usually absent. When present, 
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they were unaltered throughout the period of 
observation. 

The majority of patients who sustained cere- 
bral embolism harbored malignant neoplasms. 
With 2 exceptions (Cases 1 and 2), there were 
either certain or strongly suggestive clinical 
evidences of cancer when signs of cerebral 
embolus occurred. In Case 1, presence of mig- 
ratory thrombophlebitis might have suggested 
the possibility of occult malignant neoplasm. 

Clinical signs of thrombophlebitis of the 
limbs were noted on occasion in cases compris- 
ing this and other reports.'-*-* The presence of 
known or suspected cancer, development of 
signs of cerebral embolism, and occurrence of 
peripheral thrombophlebitis constituted a clini- 
cal triad that would appear strongly suggestive 
of the diagnosis of nonbacterial thrombotic 
endocarditis. The complete triad was present 
in Cases 3 and 5 and might have been present 
in Case 1 had a pelvic examination been done. 
Sproul’ noted the concurrence at autopsy of 
multiple venous thromboses, nonbacterial endo- 
cardial vegetations, and multiple cerebral in- 
farcts in cases of pancreatic carcinoma but did 
not provide any clinical data. 

Of the 10 patients with cerebral emboli, 2 
did not have malignant tumors; 1 of these had 
advanced paralysis agitans, and the other pre- 
sented signs of chronic rheumatic heart dis- 
ease and pulmonary emphysema. 

The longest interval between onset of cere- 
bral embolism and death was about two 
months. In other cases, this interval varied 
from six weeks to a few days. The relatively 
lengthy intervals of six weeks and two months 
from cerebral embolization to death occurred 
in patients with carcinoma. Similar intervals 
between onset of signs of cerebral embolism 
and death have been reported in other pa- 


tients.1.6 


CASE REPORTS 


Only certain of the patients who sustained 
cerebral embolism will be reported in detail. 
The histories of 3 patients with metastatic 
cancer are omitted. These 3 did not have 
clinical signs that could be definitely attributed 
to cerebral embolism, although multiple, small 
recent cerebral infarcts were demonstrable at 
autopsy and, in 2, emboli were detected histo- 
logically in small cerebral vessels. The history 


of the patient whose primary diagnosis was 
Parkinson’s disease is also omitted, since clini- 
coanatomic correlations were confused by in- 
adequate description. 


Case 1. A 46-year-old woman showed symptoms 
and signs of thrombophlebitis of the left lower 
limb in December 1949. In February 1950, a 
left saphenous vein ligation was ormed for 
symptoms of pulmonary embolism. Subsequently, 
thrombophlebitis of the right lower extremity and 
both upper extremities developed. Symptoms of 
phlebitis would remit in one limb only to ee 
in another. However, the patient was able to 
ambulate and to do clerical work. On the morn- 
ing of June 4, 1950, she suddenly had right hemi- 
plegia and loss of consciousness. She was ad- 
mitted to this institution on july 16. 

Physical examination disclosed bilateral pittin, 
edema of the lower limbs. Both were cold to pal- 
pation. Arterial pulses were diminished, and the 
right lower extremity had a livid discoloration. 
She was normotensive. The abdomen was normal. 
No murmurs or other cardiac abnormalities were 
noted. Pelvic and rectal examinations were not 
performed. Neurologic examination revealed a 
mild, spastic, right hemiparesis, greater in the arm, 
and accompanied by right facial paresis of central 
type. Memory and attention span were impaired. 
Hemogram, urinalysis, and the results of lumbar 
puncture and spinal fluid analysis were entirely 
normal. 

The patient’s condition changed little until July 
27, 1950, when she rather suddenly became stu- 
porous. Stupor progressed to coma, and signs of 
peripheral vascular —— ensued before death 
on July 31, 1950. The clinical diagnosis was peri- 
arteritis nodosa. 

At autopsy, both ovaries were found to be al- 
most entirely replaced by tumor. The left ovary 
weighed 110 gm. and measured 9x 6x4 cm. The 
right ovary weighed 65 gm. Neither gross nor 
microscopic evidence of metastasis to other organs 
was found. Histologically, the tumor proved to be 
a papillary adenocarcinoma. Other autopsy find- 
ings included organizing and organized thrombi 
of the veins ef both lower extremities with ex- 
tension of thrombus into the inferior vena cava; 
multiple pulmonary emboli and organizing 
monary infarcts; and recent infarcts of the spleen 
and kidneys. The free edge of the mitral valve 
contained 3 small, friable vegetations on its atrial 
surface. The heart was otherwise normal. Micro- 
scopic examination of hematoxylin-eosin prepara- 
tions showed the vegetations to consist largely of 
fibrin, which presented a homogeneous, acellular, 
eosinophilic appearance. A bacterial stain was 
negative. 

On examination of the brain, the left middle 
cerebral artery was found to be occluded at a point 
a few centimeters from its origin. The major cere- 
bral arteries were otherwise normal. The superior 
longitudinal sinus contained a firm blood clot that 
was not adherent to the wall. The left frontal lobe 
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Fig. 1. Case 2. 
of fibrin and is loosely attached to the mitral 


Vegetation consists largely 


valve. Hematoxylin-eosin. x 70 


was the site of a massive fresh infarct. Another in- 
farct, which appeared considerably older, involved 
the middle and posterior portions of the left basal 
ganglia and internal capsule. On histologic exami- 
nation, the wall of the left middle cerebral artery 
was of normal appearance. The lumen was oc- 
cluded by an amorphous eosinophilic embolus. 
Brain sections confirmed the gross impression of 
recent infarction of the left frontal lobe. Emboli 
were seen in several of the leptomeningeal arteries. 
The clot from the superior longitudinal sinus 
proved antemortem but very recent, as the his- 
tology of white and red blood cells was well pre- 
served. 


Comment. The clinical course was dominated 
by evidences of migratory thrombophlebitis and 
cerebral embolization. The former might have 
suggested the possibility of cancer, since the 
association of malignant tumors and migratory 
thrombophlebitis has been extensively docu- 
mented.*-!" The size of the left ovarian neo- 
plasm certainly suggests that it would have 
been detected by pelvic examination. It is 
likely that the tumor originated in the left 
ovary. In any case, the neoplasm appeared to 
be limited to the ovaries. Surgical intervention 
might well have resulted in its successful re- 
moval. 


Case 2. A 63-year-old woman had a history of 
hypertension of indefinite duration. Early in April 


1949, she complained of fatiguability, shortness of 
breath, -and mild dysphagia for solid foods. At 
this time, she also sustained a “stroke” with dy- 
sarthria (dysphasia?) and right hemiparesis. Neu- 
rologic symptoms were transient. 

The patient was admitted to Montefiore Hospital 
on May 21, 1949, where physical examination dis- 
closed obesity and blood pressure of 170/110 mm. 
Hg. Neurologic examination was negative. Ex- 
haustive investigation did not disclose pertinent 
abnormalities. 

The patient was prepared for discharge without 
definitive clinical diagnosis when, on June 4, she 
suddenly became unable to speak and showed a 
“facial asymmetry” and drowsiness. She improved, 
but, on June 6, there was rapid onset pte, 
deviation of the head and eyes to the right, and 
left hemiplegia. She remained comatose until 
death on June 10. 

Necropsy revealed unsuspected anaplastic carci- 
noma of the left lung with metastases to the 
adrenal glands, hilar and tracheobronchial lymph 
nodes, and esophagus. The auricular surface of the 
mitral valve presented 2 friable, cauliflower-like 
vegetations. Except for mild coronary atheroma, 
the heart was otherwise normal macroscopically. 
Microscopic exe nination showed the valvular vege- 
tations to cons‘st largely of fibrin with some inter- 
mixture of degenerating leukocytes and erythro- 
cytes (Fig. 1). No evidence of infection or in- 
flammation was found. Microscopic preparations 
of the heart and kidneys revealed multiple, minute 
myocardial and renal infarcts associated with oc- 
clusion of small arteries by emboli. 

Examination of the brain disclosed a_ recent 
hemorrhagic infarct that involved most of the right 
hemisphere, including medial frontal and medial 
occipital cortex. Mild atheromatous change was 
noted in the major cerebral arteries. The right 
middle cerebral artery was occluded near its point 
of origin. Histologic examination proved the oc- 
clusion to be due to an embolus similar in appear- 
ance to the cardiac vegetation (Fig. 2). A section 
of middle cerebral artery distal to this point of 
recent embolic occlusion disclosed obstruction of 
the lumen by an organized, recanalized thrombus. 
The channels of the recanalized clot were plugged 
by eosinophilic material similar to the embolus 
that had caused occlusion proximally (Fig. 3). 
Histologic sections of the infarcted cortex con- 
firmed the gross impression of recent necrosis. 


Comment. The transient symptoms two 
months before death may well have been due 
to an embolus from nonbacterial cardiac vege- 
tations and were thus interpreted. The distally 
situated, organized, recanalized clot probably 
represented a point of previous embolic oc- 
clusion. Admittedly, this interpretation cannot 
be proved. In this patient, as in Case 1, a 
premortem diagnosis of cancer was not made. 
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Case 3. A 64-year-old man was admitted to 
Montefiore Hospital on May 10, 1958. He had 
complained of anorexia and weight loss for three 
months and had had symptoms of thrombophle- 
bitis of both lower limbs for two months. There 
were transient symptoms of phlebitis of the upper 
limbs. On examination, he was normotensive. The 
liver was palpable 4 cm. below the right costal 
margin, and the edge was hard and irregular. Some 
examiners felt a nodular, ill-defined mass in the 
left lower quadrant. A malignant neoplasm was 
suspected, and search for the primary site was 
begun. On May 19, the patient sustained sudden 
left hemiparesis and left homonymous hemianopsia. 
A diagnosis of “unrelated cerebrovascular acci- 
dent” was made, although the possibility of metas- 
tasis to the right hemisphere was considered. The 
results of lumbar puncture and skull roentgeno- 
graphy were normal. The patient became stu- 
porous, then comatose, and died on June 1. 

Poorly differentiated adenocarcinoma of the tail 
of the pancreas was found at autopsy. There were 
metastases to many — The right spermatic 
vein and the perivesicular and periprostatic plex- 
uses were thrombosed. Nonbacterial verrrucae 
were adherent to both the mitral and the aortic 
valves. 

Coronal sections of the brain demonstrated 
several foci of fresh softening in the right hemi- 
sphere. These involved frontal cortex and white 
matter, internal capsule, island of Reil, and lateral 
occipital cortex. The cerebral arteries were practi- 
cally free of atheroma. The right middle cerebral 
artery was occluded about 5 cm. from its origin 
by a “thrombus.” No other occlusions were 
seen macroscopically. In microscopic preparations, 
stained by hematoxylin-eosin, the middle cerebral 
occlusion was found to be caused by an embolus 
composed of acellular, homogeneous, eosinophilic 
material similar to the cardiac vegetations. 


Case 4. A 50-year-old woman was admitted 
September 18, 1958, with a diagnosis of broncho- 
genic carcinoma. She was given a course of radio- 
therapy to the pulmonary , som On October 27, 
she complained of headache and drowsiness. Con- 
fusion, slurred speech, right hemiparesis, and a 
right Babinski sign were found on neurologic ex- 
amination. Coma preceded death on November 5. 
The clinical diagnosis was “cerebral metastasis 
from pulmonary carcinoma.” 

Adenocarcinoma of the right lung was found at 
autopsy. There were widespread metastases. The 
aortic valve was the site of nonbacterial thrombotic 
Se A recent infarct was found in the 
spleen. 

The left hemisphere contained a large fresh 
infarct that extended from the anterior commissure 
to the pulvinar and involved parietal, temporal, 
and frontal cortex and white matter. The middle 
cerebral artery was occluded by red granular blood 
clot. Histologically, the clot proved to be an em- 
bolus that resembled the vegetation on the aortic 
valve. The wall of the occluded artery was normal. 


Fig. 2. Case 2. The middle cerebral artery 
is occluded by an embolus similar in appear- 
ance to the thrombotic vegetation on the 
mitral valve. Hematoxylin-eosin. x 70 


Case 5. A 66-year-old woman was admitted to 
Montefiore Hospital on October 16, 1957, because 
of signs of deep venous thrombosis of the right 
lower limb. There was a recent history of similar 
signs in the left lower extremity. The liver was en- 
larged and firm. No other abnormalities were 
found. Signs of phlebitis subsided, but the patient 
became jaundiced and disoriented. On November 
18, 1957, she suddenly lapsed into coma. Bilateral 
Babinski signs were noted. She died on November 
19. Carcinoma was suspected clinically, although 
the site of origin could not be determined. 

At autopsy, carcinoma of the gallbladder with 
metastases to the liver was found. The mitral 
valve exhibited nonbacterial verrucae, and there 
were embolic infarcts of the spleen and kidneys. 


h 
the middle cerebral artery on the same side 
demonstrates occlusion of the lumen by an 
recanalized thrombus. The chan- 
nels of the organized clot are plugged by 
material similar to that within the lumen of 
the artery in Figure 2. 
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Examination of the brain revealed occlusion of 
the right middle cerebral artery, 1.5 cm. from its 
origin, by a firm brown clot. There was massive 
swelling and softening of the right hemisphere. 
Microscopically, the middle cerebral occlusion was 
seen to embolic. The embolus presented an 
acellular, homogeneous, eosinophilic appearance. 

Case 6. A 68-year-old man had a history of 
chronic bronchitis and pulmonary emphysema. 
Congestive heart failure developed in 1952. He 
was admitted to Montefiore Hospital on February 
6, 1958, because of increasing reese and pre- 
sented signs of pleural effusion and _ peripheral 
edema. He was treated for congestive heart failure 
by digitalis and diuretics with good results. How- 
ever, on March 7, he suddenly had left hemi- 
paresis, homonymous hemianopsia, and hemisen- 
sory defect. He died on March 15. 

Healed rheumatic mitral and tricuspid valvulitis 
was found at autopsy. Friable vegetation was at- 
tached to the auricular surface of the mitral valve. 
Bilateral pulmonary emphysema and acute focal 
bronchopneumonia were noted. 

Examination of the brain revealed an extensive, 
recent frontotemporoparietal infarction of the right 
hemisphere. The cerebral vessels showed only 
minimal atheromatous alteration. The right middle 
cerebral artery was occluded by a yellow-brown, 
faintly translucent clot. Microscopic examination 
showed the occluding material to be an embolus 
similar in appearance to the nonbacterial valvular 
vegetation. 

DISCUSSION 


A recent report on cerebrovascular disease 
stated that nonbacterial thrombotic endocar- 
ditis is an “occasional” cause of cerebral em- 
boli.1! Our statistics, however, indicate that 
approximately 10% of cerebral emboli arise 
from nonbacterial thrombotic vegetations of 
the cardiac valves. 

The frequency of cancer in this material is 
worthy of note and may be due to the fact that 
Montefiore Hospital has a large service for the 
treatment of terminal cases of malignant neo- 
plasms. In a much larger series of cases of 
nonbacterial thrombotic endocarditis, Mac- 
Donald and Robbins* found an incidence of 
cancer of only 36%. In contrast to the latter 
authors, however, all of the patients reported 
by Hultquist' presented carcinoma at autopsy. 

The apoplectiform onset of signs of cerebral 
embolism in patients with known or suspected 
cancer should allow a clinical diagnosis of non- 
bacterial thrombotic endocarditis with reason- 
able certainty, provided bacterial endocarditis 
and mural thrombi associated with arterioscler- 
otic and rheumatic heart disease are not con- 


siderations. Adams has remarked that cerebral 
embolism from nonbacterial cardiac vegeta- 
tions is the most common cause of apoplexy in 
patients with cancer.® On occasion, diagnosis 
will be aided by evidence of emboli to other 
organs. 

The question of treatment naturally arises. 
The use of anticoagulants in cerebral embolism 
remains under evaluation and is not without 
hazard.!* Further, many patients with non- 
bacterial thrombotic endocarditis have dissemi- 
nated cancer, and any question of therapy is 
largely academic. In an important minority, 
however, a malignant tumor is present which 
has not metastasized (as in 3 of Hultquist’s 
cases) or which is localized and surgically re- 
mediable (Case 1). In these circumstances, 
the removal of the neoplasm might be ex- 
pected to prevent the occurrence of further 
embolism, since venous thromboses and throm- 
botic cardiac vegetations appear to have a 
similar basis and symptoms resultant from the 
former may be eliminated by eradication of 
the tumor.’°.18 Thus, where surgical treatment 
of the neoplasm is feasible and signs of a focal 
cerebral lesion are present, an erroneous diag- 
nosis of cerebral metastasis is especially to be 
avoided. Finally, in rare instances, a localized 
malignant neoplasm may be silent clinically 
and the course dominated by evidence of 
cerebral embolism. In this instance, the im- 
portance to the patient of recognition of the 
diagnosis is evident. A concurrent, unexplained 
thrombophlebitis may alert the clinician to the 
possibility of occult malignancy (Case 1). 

Chronic heart disease of rheumatic or ar- 
teriosclerotic origin is the most common as- 
sociated condition in those patients who do not 
have cancer. Since mural thrombi are a fre- 
quent cause of cerebral embolism in patients 
with chronic heart disease, a clinical diagnosis 
of nonbacterial thrombotic endocarditis could 
only be conjectured in such cases. 


SUMMARY 


1. In a general autopsy series, nonbacterial 
thrombotic endocarditis was the cause of 9.5% 
of cases of cerebral embolism. 

2. Cerebral symptoms preceded death by as 
long as two months and were sometimes ac- 
companied by signs of peripheral thrombo- 
phlebitis. Disseminated cancer was the most 
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commonly associated disease. In patients with 
cancer, sudden onset of focal cerebral signs 
should suggest cerebral embolism from non- 
bacterial thrombotic endocarditis. 

3. Consideration of the clinical data sug- 
gests that the triad of known or suspected can- 
cer, sudden onset of focal cerebral signs, and 
peripheral thrombophlebitis, particularly when 
the last is of a migratory character, is especially 
suggestive of cerebral embolism from non- 
bacterial thrombotic endocarditis. However, 
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the complete triad is not always present, and, 
in 2 patients of this series, the diagnosis of 
cancer was not made until autopsy. 

4. Clinical recognition of emboli from non- 
bacterial thrombotic endocarditis may have 
especial significance in the small minority of 
patients who have a surgically remediable 
malignant neoplasm. 


The authors gratefully acknowledge the assistance and 
support of Dr. H. M. Zimmerman. 
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Motor unit territory and fiber 


density in myopathies 


Fritz Buchthal, M.D., Poul Rosenfalck, M.Sc., and 
Francesco Erminio, M.D. 


Cuaracteristic of the electromyogram in 
myopathies are changes in the response pat- 
tern at maximum effort,* changes in the 
parameters of the individual motor unit po- 
tentials,2-* and, in advanced cases, the occur- 
rence of spontaneous action potentials of short 
duration.®-!2 

Due to the loss of many muscle fibers, a 
relatively small muscle force is associated with 
the activation of many motor units, and, even 
at weak effort, the frequency of the individ- 
ual motor unit potential is higher than in nor- 
mal muscle. The motor unit potentials have 
frequently a shorter duration than in normal 
muscle,?—* and there is an increased incidence 
of polyphasic potentials with short spike dura- 
tion.?* 

On account of the absence of a close corre- 
lation between the changes in action poten- 
tial duration and the degree of fiber loss as 
revealed by biopsy and muscle grading, it was 
difficult to interpret these findings. In progres- 
sive muscular dystrophy, for instance, the 
same degree of atrophy might or might not 
be associated with a decrease in mean dura- 
tion.? By means of a new electrophysiologic 
technic using multilead recording, the terri- 
tory and fiber number of a motor unit per 
unit cross-sectional area were studied in nor- 
mal muscle'** and characteristic changes 
were found in neuropathies.'® These properties 
of the motor unit cannot be studied by his- 
tologic technics. It seemed, therefore, of in- 
terest to study territory and fiber density of 
the motor unit in myopathies as well. Futher- 
more, an attempt was made to correlate the 
electromyographic findings with measure- 
ments of the diameter of the muscle fibers in 
biopsies. 
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MATERIAL AND METHOD 


A total of 22 patients with muscular dystro- 
phy and 6 patients with polymyositis were 
examined. In addition to mapping of the motor 
unit territories and determination of the maxi- 
mum voltage of motor units, each muscle was 
examined twice by routine electromyography 
and a biopsy was taken in the muscles investi- 
gated. 

Of the 22 patients with dystrophy, 18 had 
a progressive muscular dystrophy and 4, a 
myotonic dystrophy. Of the 18 patients with 
progressive muscular dystrophy, 10 belonged 
to the pseudohypertrophic, 5 to the limb- 
girdle, and 3 to the facioscapulohumeral vari- 
ant (grouped according to Walton and Nat- 
trass) 

Of the 10 patients with the pseudohyper- 
trophic variant of dystrophy, 9 were male; in 
all, the age at onset of disease was 5 years or 
less, the course was highly progressive, and, 
at the time of investigation, the disease had 
lasted for more than eight years. In all pa- 
tients, the degree of disability was severe and 
the force of the brachial biceps muscle, exam- 
ined in this study, was graded as 1 or less in 
7, as 2 in 2, and as 3 in 1.17 In 7 of the 10 
patients, the disease occurred in several mem- 
bers of the same family. 

On routine electromyography, all 10 mus- 
cles studied showed a pattern of interfering 
activity at maximum effort. In 6 muscles, there 
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were spontaneous action potentials of short 
duration (2 to 3 msec.) 

Of the 8 patients with the limb-girdle and 
facioscapulohumeral type, 5 were males; the 
age at onset of the disease was, on the average, 
14 years (6 to 33 years). In 6 patients, the dis- 
ease had lasted for more than nine years and, 
in 1, for three years. The disease was pro- 
gressive in all patients, but the disability was 
less pronounced than in the group of pa- 
tients with the pseudohypertrophic variant of 
the disease. Thus, the force of the brachial 
biceps was graded as 4 in 3 patients, as 3 in 2, 
and as 1 in 3. In 3 of the 8 patients, the dis- 
ease occurred in other members of the same 
family. 

On routine electromyography, all 8 muscles 
showed a pattern of interfering activity at 
maximum effort. In 3 muscles, there were 
spontaneous action potentials of 2 to 3 msec. 
in duration. These were absent in the other 5 
muscles in spite of careful search. 

The 4 patients with myotonic dystrophy 
were male and 23 to 51 years of age. At the 
time of the investigation, the disease had 
lasted for ten years or longer. The patients 
were 16 to 40 years of age at onset of disease. 
Both the brachial biceps and extensor muscles 
of the forearm were examined. In the brachial 
biceps, the degree of force reduction was 
moderate to slight (force graded as 4 or 5-), 
and, in the extensor muscles of the forearm, 
the paresis was more pronounced (force 
graded as 2 or 3). The disease occurred in 
several other members of the families of all 
4 patients. 

Routine electromyography showed  spon- 
taneous action potentials of short duration 
localized to discrete regions of the cross sec- 
tion of the muscles, frequently occurring in 
showers, an interference pattern at maximum 
effort, after-activity, and trains of action po- 
tentials evoked by percussion.*-1* 

Of 6 patients with polymyositis, 3 were male. 
They were 27 to 72 years of age, and, at the 
time of investigation, the disease had lasted 
from a half to eight years. The brachial biceps 
muscles examined were highly tender, and the 
force was graded as 3 or less in 3 patients, as 
4 in 2, and as 5 in 1. The etiology of the 
disease was unknown, except in the case of 
1 patient who suffered from toxoplasmosis. 
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On routine electromyography, 5 of the 6 
brachial biceps muscles had a pattern of inter- 
fering activity at maximum effort and 1, a 
mixed pattern. In 4 patients, there were spon- 
taneous discharges of action potentials of short 
duration (2 to 3 msec.) .1°1? They were absent 
in the remaining 2 patients.® 

The procedure of determining motor unit 
territory and maximum voltage by means of 
multilead recording has been described.?*:"* 
In brief: The basis of delineating the territory 
occupied by the muscle fibers of a motor unit 
is the finding that, whenever an action po- 
tential is recorded which contains a positive- 
negative deflection of less than 0.2-msec. 
duration (“spike”), the fiber group giving rise 
to it is at a distance of less than 1 mm.'* Spikes 
occur in the action potential when the voltage 
exceeds a certain level denoted as spike level. 
Potentials of lower amplitude without spikes 
are volume conducted from fibers at larger 
distance. The motor unit territory was, there- 
fore, measured as the extent along the multilead 
electrode in which potentials were recorded 
containing spikes. The voltage recorded at 
each lead was plotted as a function of the 
distance from the lead that recorded the high- 
est voltage. The maximum voltage is an ex- 
pression of the number of activated muscle 
fibers per cross-sectional area (“fiber den- 
sity”). 

Preliminary examinations had shown that 
the motor unit territory in myopathies fre- 
quently was smaller than in normal muscle. 
Therefore, to determine the distribution of 
the fibers of a motor unit with sufficient ac- 
curacy, the leads of the multielectrode used in 
most cases of myopathies were distributed 
over a smaller distance than in the electrodes 
used in the study of normal muscle or neurop- 
athies; 14 leads, 1 mm. long and 0.5 mm. 
apart, were distributed over a length of 21 
mm. (Fig. 1). The external diameter of the 
multilead electrode was 1 mm. In a few mus- 
cles, a multielectrode was used in which 12 
leads were distributed over a length of 24 
mm.'* The potentials were recorded between 
each lead and 1 of the outer leads as indiffer- 
ent electrode. Care was taken that the in- 
different electrode did not pick up potentials 
from the motor unit under study (for detailed 
discussion of the indifferent electrode, see 
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leads, 1 mm. in length. Distance between centers of adjacent leads, 1.5 mm. Diameter 
1 mm. 


Fig. 1. Multilead electrode for mapping of motor units in myopathies, containing 14 Desa 
needle, 


Fig. 2. Different examples of the action potentials of a motor unit from dystrophic brachial biceps 
muscles picked up by the different leads of the multielectrode, with lead 1 or lead 14 as indiffer- 
ent electrode. [a] and [b] From patients with the pseudohypertrophic type of progressive mus- 
cular dystrophy. [c] and [d] From patients with the limb-girdle pps of the disease. [e] and [f] 
From patients with the facioscapulohumeral type of the disease. [g] From a patient with myo- 
tonic dystrophy. [h] For comparison, from normal muscle 
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References 13 and 14). During the mapping of 
a motor unit, the patient was instructed to 
maintain a degree of constant effort to permit 
discrimination of the individual potentials. 
RESULTS 


Progressive muscular dystrophy and myo- 
tonic dystrophy. In the generalized type of 
muscular dystrophy, the cross-sectional area of 
the muscle, over which the fibers of a motor 
unit were spread, was significantly smaller 
than in normal muscle. This is illustrated in 
Figure 2, columns a and b, for a short triphasic 
and a polyphasic potential. In column h, an 
example is given of the distribution of the 
potentials from an average motor unit in a 
normal brachial biceps. The potentials from 
dystrophic muscles were confined to a single 
lead of the multielectrode, indicating an extent 
of the motor unit territory of less than 1.5 mm. 
to each side from the lead that picked up the 
response. 

The average voltage variation along the 
multielectrode in motor units from the brachial 
biceps muscles of the 10 patients with the 
pseudohypertrophic type of the disease is 
given in Figure 3A. For comparison, the volt- 
age variation from motor units of the normal 
brachial biceps is shown. The voltage level at 
which spike components could be discrimi- 
nated in the potentials is indicated by the 
arrows and was less than half the spike level 
of motor unit potentials from normal muscle. 
Measured at the spike level, the average terri- 
tory of the motor unit in dystrophic muscle 
from patients with the pseudohypertrophic 
type of the disease was 30% less than in nor- 
mal muscle (Table 1). Also, the maximum 
voltage within the motor unit was substantially 
reduced (40%). The reduced average territory 
resulted from an increased incidence of motor 
units in which the fibers were spread over a 
cross-sectional area that was small but not 
smaller than the smallest territories that occur 
in normal muscle (Fig. 4). The reduction in 
maximum voltage was, on the other hand, due 
in part to motor units with a maximum in volt- 
age below that observed in normal muscle. 

In all 10 muscles, the average action poten- 
tial duration determined from at least 20 differ- 
ent motor unit potentials in each muscle was 
reduced by 40% (extreme values, 27 and 47%). 
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an” 
+—+ normal subjects, 129 meteor units 
m. biceps brachis 


4 4 2 0 2 6 6 
Fig. 3. Voltage variation over motor units 
from [A] 10 brachial biceps muscles of pa- 
tients with dohypertrophic , from 
{B] 8 muscles of patients with the limb- 
girdle or facioscapulohumeral of pro- 
gressive muscular dystrophy, and from [C] 
4 muscles of patients with myotonic dys- 
trophy. The arrows indicate the spike level. 
Ordinate: Voltage in microvolts, logarithmic 
scale. Abscissa: Distance along the multi- 
lead electrode from the lead that recorded 
the potential of maximum voltage 


The incidence of polyphasic or markedly ir- 
regular motor unit potentials was 30%, that is, 
3 times that of normal muscle.?:*:2° There was 
no correlation between the motor unit terri- 
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TABLE 1 


MOTOR UNIT TERRITORY AND MAXIMUM VOLTAGE IN PROGRESSIVE MUSCULAR DYSTROPHY, MYOTONIC 
DYSTROPHY, AND POLYMYOSITIS, AS COMPARED WITH NORMAL MUSCLE (BRACHIAL BICEPS) 


Number of Territory in mm. 
patients Number of Spike level Standard Maximum voltage 
Disease (muscles) motor units in pv. Mean value deviation in pv. 
Dystrophia musculorum 
progressiva 

Pseudohypertrophic type 10 127 35 3.6+0.1 1.6 230+10 

Facioscapulohumeral and 

limb-girdle type 8 118 7 5.4+0.2 2.1 350+20 
Dystrophia myotonica 4 68 70 4.0+0.2 1.9 370+40 
Polymyositis 6 72 60 3.2+0.2 1.7 350+20 
Normal subjects 24 129 100 5.1+0.2 2.4 370+20 


territory maximum voltage 
dystrophia musc. progr, type limb-girdle and fecie-scapule-humerel 
In 
20- 20+ | m. biceps brachii 
per per 
cont cent 
| 118 motor units 
10- 10- 
o 5 10 15 mm 0 500 1000 1500 pv 
dystrophia musc progr, type Duchenne 
30- 
per 40 
cent 
per 128 motor units 
cent 
20- 20- 
10- 10+ 
10 15 mm 0 500 1500 pv 
normal 
30: 301 
per per 
129 motor units 
20- 204 
10- 10+ 
5 10 mm 0 $00 1000 1500 pV 


tory and the action potential duration. Even 
the short diphasic action potentials 2 msec. in 
duration could correspond to territories vary- 
ing between 1 and 6 mm. The motor unit 
territory was reduced for all types of potentials, 
irrespective of their shape. Thus, the average 
territory was 4.1+0.25 mm. for polyphasic 
potentials and 3.30.15 mm. for di- and tri- 
phasic potentials, as compared with 5.1+0.2 
mm. for the territory of the normal brachial 
biceps." 

In 6 of the 10 patients, the diameters of 
muscle fibers were measured in biopsies. On 
account of the occurrence of hypertrophic 
fibers, the average diameter of the fibers of 
dystrophic muscles was slightly higher (20%) 
than in muscles from normal subjects of the 
same group. The range of diameters was twice 
that of normal muscle (Table 2 and Fig. 5A). 
A large amount of fat, substantial proliferation 
of connective tissue, and a great number of 
entirely atrophied fibers were noted in the 
biopsies. The average fiber diameter was cor- 
related with the extent of the motor unit ter- 
ritory; the higher the incidence of hyper- 
trophic fibers, the larger was the territory 
(Fig. 6). 

In the mild restrictive type of muscular 
dystrophy, motor unit territory and maximum 
voltage were the same as in normal muscle 
(Table 1 and Fig. 4) but the average values 


Fig. 4. (At left) Histograms of motor unit 
territory and maximum voltage from brachial 
biceps muscles of patients with progressive 
muscular dystrophy and from normal muscle. 
Abscissa: Ranges of territory and maximum 
voltage. Ordinate: Percentage of motor units 
in each range 
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TABLE 2 
MUSCLE FIBER DIAMETERS, BRACHIAL BICEPS 
y Number of Mean age Number of Mean diameter Range of 
Disease patients years muscle fibers B. diameters 

Pseudohypertrophic 

dystrophy 6 8 1,381 3340.5 10-85 
Normal subjects 4 8 161 27+0.5 15-50 
Limb-girdle and facioscapulo- 

humeral dystrophy 6 33 994 47+1 10-120 
Dystrophia myotonica 2 25 141 62+2 25-110 
Polymyositis 5 50 1,027 44+1 15-110 
Normal subjects 3 40 388 51+0.5 25-85 
result from rather inhomogeneous findings in 
the different patients. Of the 8 patients, 1 had 
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a significant reduction and another a sub- 
stantial increase in the territory of the motor 


20 § 
units. In 4 of the 8 muscles, the mean action § 
potential duration was about 35% reduced, but ° 
the motor unit territories were normal in 3 and 870 


below normal in only 1. In the 4 remaining 
muscles with normal mean action potential 
duration, the territories were either normal or ° 
increased. As in normal muscle, the territories 
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of the individual motor units and the dura- 208 Fibres 
. bed 
tion of the motor unit potential were not cor- z 
related. Signs of disintegration of the motor & 


unit as reflected in the increased incidence of 
polyphasic and markedly irregular potentials 
were as frequent in the facioscapulohumeral 


or limb-girdle type of dystrophy as in the 


q itis, 1027 Fibre 
more severely affected muscles of the pseudo- 
hypertrophic type of the disease. Motor unit & 
territories were within the limits of those of § 


normal muscle for motor units represented by 
both polyphasic potentials and di- and _tri- 
phasic potentials. 

With regard to maximum voltage of the 
motor units, this was reduced by about 40% 
in 4 muscles, 3 of which had normal motor 


Fig. 5. Histogram of diameters of muscle 


unit territories. In 2 muscles, the maximum 
voltage was twice that of normal muscle in 
spite of normal territories. 

Examples of the different types of motor 
unit potential with respect to territory and 
maximum voltage in the facioscapulohumeral 
and limb-girdle variants of the disease are 
given in Figure 2. In column c is given a 
polyphasic potential of reduced spread; the 
spread of the polyphasic potential in column 
d was within the limits of normal motor unit 


fibers from the brachial biceps. [A] Average 
of 6 muscles from patients with the pseudo- 
hypertrophic type of progressive muscular 
dystrophy. [B] Average of 6 muscles from 
patients with the limb-girdle or facioscapulo- 
humeral type of progressive muscular dys- 
trophy. [C] Average of 5 muscles from pa- 
tients with polymyositis. The shaded col- 
umns give the distribution of fiber diam- 
eters from brachial biceps muscles of normal 
subjects of the same average age as the pa- 
tients. Each muscle fiber diameter repre- 
sents the mean value of the largest and the 
smallest diameter. 
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Fig. 6. Average motor unit territory from 
different muscles as a function of the mean 
muscle fiber diameter expressed in per cent 
of the diameter in muscles from normal sub- 
jects of the same age as the patients 
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Fig. 7. Histograms of motor unit territory 
and maximum voltage from 4 brachial bi- 
ceps muscles from 4 patients with myotonic 
dystrophy. Below: Histograms from 24 mus- 
cles of normal subjects. Abscissa: Ranges of 
territory and maximum voltage. Ordinate: 
Percentage of motor units in each range 


potentials (column h). The triphasic potential 
in column e has a reduced extent, while the 
potential in column f spreads over more 
leads than the average motor unit potential of 
the normal brachial biceps. The variation of 
the action potential voltage over the cross 
section from all motor units investigated is 
given in Figure 3B. While territory and maxi- 
mum voltage were the same as in normal mus- 
cle, the spike level was slightly lower. 

Muscle fiber diameters were measured in 
biopsies of 6 patients of this group. The aver- 
age diameter was the same as in normal mus- 
cle of the same age group, but the range of 
diameters was twice that of normal muscle. 
In contrast with findings in the pseudohyper- 
trophic type of the disease, there were more 
fibers with a diameter smaller than is found 
in normal muscle and fewer hypertrophic 
fibers (Table 2 and Fig. 5B). Other findings in 
the biopsies were the same as in pseudohyper- 
trophic dystrophy, the incidence of completely 
atrophied fibers and the degree of proliferation 
of connective tissue and fatty infiltration de- 
pending on the duration of the disease. As in 
pseudohypertrophic dystrophy, the average 
territory in different muscles was the larger 
the greater the mean fiber diameter, but the 
increase in territory with increasing muscle 
fiber diameter was twice as great (Fig. 6). 

In the 4 patients with myotonic dystrophy, 
the motor unit territory was reduced to the 
same degree as in the generalized form of 
progressive muscular dystrophy. The average 
maximum voltage of the motor units was the 
same as in normal muscle, but the spike level 
was slightly reduced (Table 1). An example 
of the spread of a motor unit potential in 
myotonic dystrophy is given in Figure 2g. The 
potentials with spike components were con- 
fined to 2 leads of the multielectrode corre- 
sponding to a range of 1.5 mm. only. The spon- 
taneous discharges were picked up by only 
1 lead. Findings in the extensor muscles of 
the forearm were the same as in the brachial 
biceps. The low average territory as compared 
with motor units from normal muscle appears 
also from the plot of the voltage variation along 
the multielectrode (Fig. 3C). The reduction 
was due to the higher incidence of units with 
small territories, including some smaller than 
ever found in normal muscle (Fig. 7). 
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The average action potential duration was 
reduced by 40% (extreme values in the differ- 
ent muscles, 23 and 51%). The incidence of 
markedly irregular potentials and polyphasic 
potentials with spike components of short 
duration was 27% as compared with 11% in 
normal muscle.*° The reduction in territory 
was the same in motor units with polyphasic 
as in those with di- and triphasic potentials. 

Measurements of muscle fiber diameter were 
available in only 2 of the 4 brachial biceps 
muscles investigated. The average diameter in 
biopsies of these muscles was about 15% above 
that of normal muscle of the same age group, 
and the range of diameters was slightly in- 
creased (Table 2). The average territories and 
fiber diameters fit the relationship found for 
muscles with the pseudohypertrophic type of 
dystrophy (Fig. 6). The other changes were 
the same as in progressive muscular dystrophy, 
and there were no signs of inflammation. 

Polymyositis. In muscles with signs of myo- 
sitis on biopsy, the average motor unit terri- 
tory was reduced by 35%, that is, to the same 
degree as in the generalized type of pro- 
gressive muscular dystrophy (Table 1). The 
reduction in the extent of the motor unit was 
not correlated with the degree of paresis, and 
the maximum voltage was the same as in 
motor units from normal muscle. The spike 
level was half that in normal muscle. Examples 
from 4 different motor unit potentials are 
given in Figure 8a through d. In motor unit a, 
ce, and d, spike potentials were confined to 1 
lead and, in b, to 2 leads of the multielectrodes; 
for comparison, the spread of an average 
motor unit potential from normal muscle is 
shown in Figure 8e. As in myotonia, the spon- 
taneously discharged action potentials were 
always confined to 1 lead only. The reduction 
in territory is also seen from the plot of the 
average voltage picked up by each lead of 
the multielectrode (Fig. 9). It was due to a 
higher incidence of motor unit potentials that 
spread over a small area, including some which 
had territories smaller than ever found in 
normal muscle (Fig. 10). 

The average action potential duration— 
determined from more than 20 different mo- 
tor unit potentials—was reduced in all muscles 
investigated.® The decrease averaged 45% (ex- 
treme values, 25 and 65%). The incidence of 
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Fig. 8. [a] through [d] Different examples 
from polymyositis of the action potentials 
of a motor unit picked up by the different 
leads of a multielectrode, with lead 1 or 12 
as indifferent electrode. [e] For comparison, 
from normal muscle 
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biceps brachis 


Fig. 9. Voltage variation over motor units 
in 6 brachial biceps muscles from patients 
with polymyositis. The arrows indicate 
spike level. Ordinate: Voltage in micre- 
volts, logarithmic scale. Abscissa: Distance 
along the multilead electrode from the lead 
that recorded the potential of maximum 
voltage 


polyphasic and markedly irregular potentials 
was about 30%, that is, 3 times that in normal 
muscle.*:7:'° The territory was reduced to the 
same extent in motor units with polyphasic 
potentials as in those with di- and triphasic 
potentials. 
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Fig. 10. Histograms of motor unit territory 
and maximum voltage from brachial biceps 
muscles with polymyositis. Below: The his- 
tograms from normal muscles. Abscissa: 
Ranges of territory and maximum voltage. 
Ordinate: Percentage of motor units in each 
range 


Biopsy samples in all patients showed a 
severe degree of inflammatory change with 
both perivascular and diffuse lymphocyte in- 
filtration in addition to a loss of many muscle 
fibers.2! The diameters of muscle fibers were 
measured in 5 of the 6 muscles investigated. 
The average diameter was the same as in 
normal muscle of the same age class and, due 
to an increased incidence of fibers with small 
diameters, the range was 50% larger than in 
normal muscle (Table 2 and Fig. 5C). Aver- 
age territories and corresponding diameters in 
different muscles varied as in the pseudohyper- 


trophic type of dystrophy (Fig. 6). 
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DISCUSSION 
Motor unit territory and maximum voltage 
were reduced in all muscles examined from 


the pseudohypertrophic type of progressive 


‘muscular dystrophy. In the muscles investi- 


gated, the disease had lasted for many years 
and had progressed to such a degree that the 
most prominent histologic change was the 
loss of many muscle fibers and their replace- 
ment by fat and collagen tissue. The remain- 
ing muscle fibers showed an increased range of 
diameters; the average diameter was 20% above 
that of normal muscle. The average motor unit 
territory of different muscles increased with 
increasing incidence of hypertrophic fibers, but, 
even with an average diameter of fibers that 
exceeded that of normal muscle by 50%, the 
territory was still below that of normal muscle 
(Fig. 6). It is thus the loss of muscle tissue 
and its only partial replacement by fat and 
collagen tissue which accounts for the decrease 
in motor unit territory. It also causes a decrease 
in the number of fibers per unit cross-sectional 
area as compared with normal muscle. This 
explains the decrease in maximum voltage 
within the motor unit'* and the fact that the 
voltage level at which spike components could 
be discriminated in the motor unit potential 
was lower than in normal muscle. The contri- 
bution of potentials volume conducted from 
more distant fibers of the motor unit to a 
motor unit potential is less when the number 
of fibers per cross-sectional area is reduced, 
and the small spike components are then no 
longer hidden in the slow components of the 
potential. The lowered fiber density within the 
motor unit is also reflected in the increased 
incidence of polyphasic motor unit potentials. 
Due to the larger average distance between 
the subunits of the individuai motor unit, tem- 
porally dispersed spike components of the 
motor unit potential appear discrete without 
being summated to the smooth di- or triphasic 
potentials of normal muscle. 

To account for the reduction in average 
action potential duration in myopathies, we 
have previously? suggested either an increase 
in conduction velocity of the action potential 
over the individual muscle fibers or a loss of 
fibers, which selectively decreases the width 
of the end plate zone. Measurements of con- 
duction velocity, which we have performed 
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on 1] small muscle fiber bundles in 5 cases 
of advanced myopathy,** gave an average 
velocity of 4.2 meters per second, that is, a 
value within the limits of normal muscle.** 
Furthermore, there were no signs of loss of 
muscle fibers, which specifically reduce the 
width of the end plate zone. Therefore, the 
general thinning out of the motor unit is the 
most likely cause of the decreased action po- 
tential duration in myopathies, just as it ac- 
counts for the reduced maximum voltage with- 
in the motor unit and the increased incidence 
of polyphasic potentials. The duration is re- 
duced because volume conducted slow com- 
ponents of the initial and terminal portions of 
the motor unit potential are absent, and the 
short spike potentials are the result of the dis- 
charge from a few well svchronized subunits. 

The finding of normal conduction velocities 
in myopathies indicates that there were no 
impedance changes originating from the re- 
placement of muscle tissue by fat and collagen 
and from the inflammatory reaction in polymyo- 
sitis, which influenced the electrical responses. 

In the restricted type of progressive mus- 
cular dystrophy, the histologic changes were 
similar to those found in the pseudohyper- 
trophic type of the disease but less advanced, 
as was the degree in force reduction. Due to 
the lower incidence of hypertrophic fibers 
than in the pseudohypertrophic type of the 
disease, the average diameter of muscle fibers 
was the same as in normal muscle. Motor unit 
territory as a function of mean diameter was 
larger than in the pseudohypertrophic cases 
and varied more steeply with increasing di- 
ameter (Fig. 6). The larger territory in the 
restricted type of dystrophy is presumably due 
to a higher degree of replacement of totally 
atrophied fibers by proliferating connective 
tissue than in the pseudohypertrophic type of 
the disease.24 Thereby, in the muscles from 
patients with limb-girdle or facioscapulohu- 
meral dystrophy, the area occupied by the 
fibers of a motor unit in most cases remained 
the same or was even larger than in normal 
muscle and was less than normal in only 1 
patient. The steeper variation of territory with 
increasing diameter in the restricted than in 
the pseudohypertrophic type of the disease is 
probably due to the relatively larger amount 
of surviving muscle tissue in the former. There- 
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fore, changes in muscle fiber diameter affect 
territory to a higher degree than in muscles 
with the pseudohypertrophic type of the dis- 
ease. 

The thinning of the motor unit again ac- 
counts for the lower spike level as compared 
with normal muscle and for the increased inci- 
dence of markedly irregular and polyphasic 
potentials. 

In 2 muscles, the maximum voltage was 
even higher than in normal muscle; this indi- 
cates the inclusion of denervated muscle fibers 
in the surviving motor units by peripheral 
sprouting of distal nerve branches, similar to 
the changes observed in neuropathy. In fact, 
the occurrence of fibrillation potentials in some 
of these muscles indicates the presence of 
denervated muscle fibers, and there is _his- 
tologic evidence of peripheral sprouting.** 
That the fiber density was larger in the re- 
stricted than in the pseudohypertrophic type 
of muscular dystrophy, in some instances on 
account of peripheral sprouting, may also ex- 
plain why the average action potential dura- 
tion in certain cases of progressive muscular 
dystrophy was normal.* 

In both myotonic dystrophy and polymyo- 
sitis, the motor unit territory was significantly 
lower than in normal muscle but the maximum 
voltage was normal. As in other types of 
dystrophy, biopsy showed in these cases an 
extensive loss of muscle fibers but the pro- 
liferation of connective tissue was less promi- 
nent.2* The histologic changes that can ex- 
plain the electromyographic findings are, thus, 
on the one hand, a loss of muscle fibers ac- 
counting for the reduction in motor unit terri- 
tory, spike level, and average action potential 
duration, as well as for the increased _inci- 
dence of polyphasic potentials. As in the 
pseudohypertrophic type of dvstrophy, the 
short action potential duration is the result of 
the absence of the volume conducted initial 
and terminal low voltage components of the 
motor unit potentials. There is, on the other 
hand, histologic evidence of peripheral 
sprouting in these conditions.** which causes 
an increase in fiber number per subunit and 
can account for the normal maximum voltage 
and for the fact that force reduction was less 
pronounced than in the other tvpes of dvstrovh- 
ic muscles examined. Localized peripheral 
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sprouting does not appreciably increase the 
extent of the end plate zone or, therefore, the 
action potential duration.?° 


SUMMARY 


By means of multilead recordings, the terri- 
tory and the number of muscle fibers per cross- 
sectional area of a motor unit (fiber density) 
were determined in myopathies. 

In the pseudohypertrophic type of pro- 
gressive muscular dystrophy (10 patients), 
both motor unit territory and fiber density 
were significantly lower than in normal mus- 
cle. 

In the facioscapulohumeral and the limb- 
girdle types of muscular dystrophy (8 pa- 
tients), average motor unit territory and fiber 
density were the same as in normal muscle. 

In myotonic dystrophy (4 patients), the 
average motor unit territory was reduced to 
the same degree as in the generalized form 
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Relation of certain diagnostic 


features of carotid occlusion 


to collateral circulation 


Allen Silverstein, M.D., Gerard M. Lehrer, M.D., 
and Robert Mones, M.D. 


Wiruin the last ten years, there has been in- 
creasing recognition of the frequency of spon- 
taneous occlusion of the internal carotid artery 
as a cause of neurologic deficit. In 2 recent 
arteriographic studies of patients who pre- 
sented with an acute “stroke” syndrome, 14 
and 21.5%, respectively, were found to have 
carotid occlusions.'!:?| Since several successful 
therapeutic approaches for this lesion have 
been reported, increased awareness and early 
diagnosis of the disease is warranted. Certain 
bedside procedures have been reported to be 
useful for the early recognition of occlusion of 
the internal carotid artery. These maneuvers 
are [1] palpation of the carotid pulse in the 
neck and pharynx; [2] auscultation for carotid 
or intracranial bruit; [3] measurement of 
retinal artery pressure (ophthalmodynamo- 
metry); and [4] manual compression of the 
contralateral carotid. The purpose of this com- 
munication is to attempt to correlate the re- 
sults of these diagnostic procedures with the 
angiographically demonstrable collateral cir- 
culation in 30 patients with proved carotid 
artery occlusions who were observed during 
the past two years. 


METHODS 


Only patients in whom the site of occlusion 
could be demonstrated angiographically or at 
surgery are included in this study. Of these, 
26 had occlusions at the origin of the internal 
carotid, 3 had occlusions in the siphon, and 1 
had occlusion of the common carotid; 19 pa- 
tients had complete occlusions, 2 bilateral, 
while 11 patients had partial occlusions, that 
is, significant stenosis of the involved vessel. 


All angiograms were performed by serial 
radiography during the percutaneous injection 
of 50% Hypaque into the common carotid or 
vertebral arteries. Of the 30 patients, 20 had 
bilateral carotid angiograms and, in addition, 
3 had vertebral studies. Technics employed for 
the particular diagnostic maneuvers under 
study will be described as each is discussed in 
detail. Ideally, the patient should be studied 
at a given time as soon as possible after onset 
of symptoms. It is a serious limitation of the 
present investigation that this could not be 
done. Some patients were examined, both 
clinically and angiographically, within a few 
hours of the probable onset of their occlusion, 
while others were not seen until many months 
later. When follow-up examinations were pos- 
sible, definite changes from the results initially 
obtained in these tests were occasionally noted. 
However, the data to be presented were ob- 
tained from the initial examination, regardless 
of the time of onset of the symptoms. This 
limitation must be kept in mind in evaluating 
the results of this study. 


COLLATERAL CIRCULATION 


Several excellent reviews of the arterio- 
graphically demonstrable cerebral collateral 
circulation have recently appeared.'*-7 Table 
1 is derived from the data presented in these 
and other sources and summarizes the demon- 
strated routes by which a cerebral hemisphere 
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TABLE 1 


POSSIBLE COLLATERAL CIRCULATION WITH INTERNAL CAROTID OCCLUSION 


Vessel 
Type derived from 


Collaterals 


Immediate 
vessel supplied 


I. Basar 
(Within circle of Willis) 


Anterior cerebral of 
patent carotid 


Posterior cerebral of 
vertebral 


Basilar 


Anterior communicating 
Posterior communicating 


Persistent anastomosis 


Anterior cerebral 


Internal carotid 


Internal carotid 


Il. 
(Between distal branches 
of cerebral vessels) 


Posterior cerebral of 
vertebral 


Posterior cerebral of 
vertebral 


Pericallosal of anterior 
cerebral of patent carotid 


Small superficial branches 


Middle cerebral 


Small superficial branches Anterior cerebral 


Pericallosal of anterior 
cerebral 


Small superficial branches 


Ill. ExTRACRANIAL 
(Between branches of 


Posterior choroidal Choroid plexus Anterior choroidal 
Occipital of Occipital branch Vertebral (then posterior 
external carotid of vertebral communicating and 


external carotid 
and branches of 4 
vessels) External maxillary of 


external carotid 


Internal maxillary of 
external carotid 


Internal maxillary of 
external carotid 


Superior temporal of 
external carotid 


Ophthalmic of patent 
carotid 


Internal maxillary of 
external carotid 


Interior maxillary of 
external carotid 
(middle meningeal ) 


Occipital of external 
carotid 


internal carotid ) 


Nasal branches, angular Ophthalmic 
branch to nasal branch 


of ophthalmic 


Middle meningeal to 
lacrimal branches of 
ophthalmic 


Orbital branches, deep 
temporal branch to 
lacrimal branches of 
ophthalmic 


Ophthalmic 


Ophthalmic 


Supraorbital branch to 
supraorbital and 
lacrimal branch of 
ophthalmic 


Ophthalmic 


Supraorbital branches Ophthalmic 


Middle meningeal to 
meningeal branch of 
internal carotid 


Internal carotid 


Retia mirabilia Middle cerebral or 


anterior cerebral 


Retia mirabilia Middle cerebral 


*Collaterals between middle and anterior cerebral arteries also exist but are probably not germane to carotid occlusion. 


may continue to receive blood when its usual 
major source of supply, the internal carotid 
artery, is occluded. The most frequently de- 
scribed pathways for collateral circulation are 
through the anterior communicating artery 
from the patent carotid (Fig. 1) and the 
several external carotid-ophthalmic artery anas- 
tomoses (Fig. 2). In a large series of carotid 
occlusions collected by Johnson and Walker,® 
bilateral carotid arteriographic examination 
was performed in 27 patients; 16 of these 
showed significant bilateral visualization upon 


injection of the patent carotid. It is note- 
worthy that the incidence of significant bi- 
lateral visualization in carotid angiograms in 
patients without contralateral occlusions in 
less than 10%. 

Significant collateral flow via the ophthalmic 
artery was noted in 13 of the 27 patients in 
a recent study.'® Similar collateral supply has 
been reported frequently by many writers.1!-!7 

Present study. In this series, significant bi- 
lateral visualization occurred in 13 of the 20 
patients on whom angiograms were performed 
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Fig. 1. Right carotid occlusion. Left carotid 
angiogram shows collateral circulation via 
the anterior communicating artery (arrow). 


on both sides; it was possible to fill both mid- 
dle cerebral arteries satisfactorily in 8 of these 
13 patients; 9 patients had collaterals via the 
external carotid-ophthalmic channels, 1 re- 
ceived supply from the vertebral by the way 
of the posterior communicating to the middle 
and anterior cerebral arteries (Fig. 3), and 1 
showed anastomoses via the meningeal vessels 
to the anterior cerebral. Films of the last were 
unsatisfactory for reproduction. It may be 
significant that these latter 2 forms of unusual 
collateral circulation were noted in the 2 pa- 
tients in the series with bilateral carotid oc- 
clusions. 


Comment. The collaterals demonstrated in 
this study did not differ appreciably from those 
previously described. It is unfortunate that 
only 3 of the patients in the present series 
were studied by vertebral angiography. Had 
vertebral studies been performed more often, 
the role of collateral circulation via the pos- 
terior communicating artery could probably 
be adequately determined. In this study, bi- 
lateral carotid arteriographic examinations in 
patients with carotid occlusive disease has not 
proved particularly hazardous. This has been 
the experience of other workers who have rou- 


Fig. 2. Right carotid occlusion. Right ca- 
rotid angiogram shows collateral circulation 
via the ophthalmic artery (arrow) from the 
external carotid. 


Fig. 3. Bilateral carotid occlusion. Verte- 
bral angiogram shows collateral circulation 
via the posterior communicating artery. 


tinely performed bilateral angiograms in pa- 
tients with carotid 
PULSATIONS 


Although Hunt?° called attention to the 
diagnostic importance of diminished carotid 
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artery pulsations in the neck on the side of a 
carotid occlusion as far back as 1914, this test 
is of limited value. Unequal carotid pulsations 
may be due to a variety of conditions unre- 


lated to occlusive disease of the carotid artery, . 


for example, aneurysm of the arch of the aorta, 
double aortic arch, atypical coarctation, and 
cervical rib syndromes.*!_ Absence of the ca- 
rotid pulsation in the neck together with loss of 
the superficial temporal pulses, however, is 
probably diagnostic for a complete occlusion 
of the common carotid artery.*?-** Dunning® 
has reported that internal carotid occlusions 
may be diagnosed by the presence of dimin- 
ished pharyngeal carotid pulsations. However, 
it is felt by most writers that palpation of 
neither the pharyngeal nor neck pulse is par- 
ticularly helpful in recognizing occlusions of 
the internal carotid, since the major pulse felt 
is that of the external carotid.!.26-3 

Present study. An attempt was made to feel 
the neck and pharyngeal carotid and super- 
ficial temporal pulses of all patients. In no 
case was unequal pharyngeal pulsations noted. 
In 1 patient, the only case with occlusion of 
the common carotid, the carotid and super- 
ficial temporal pulses were absent; 4 other 
patients had diminished pulsations on the side 
of their occlusions. In 2 of these 4 patients, 
collaterals derived from the external carotid 
were demonstrated; similar collaterals were not 
present in the other 2. 

Increased neck pulsations on the diseased 
sides were noted in 2 patients. While this may 
represent increased collateral flow through 
the external carotid circulation and thus be 
similar to the dilated superficial temporal ves- 
sels noted previously***> on the side of oc- 
clusion, only 1 of the 2 patients had angio- 
graphically demonstrable collateral flow via 
the external carotid. 

Comment. Palpation of the carotid pulsa- 
tions was not found to be of great diagnostic 
aid in this study. It is commonly held that the 
major pulse palpable in the neck and possibly 
in the pharynx is the external carotid artery. 
This led to the hypothesis that those patients 
with major collateral flow via the external 
carotid would have increased pulsations, while 
those with collaterals arising elsewhere would 
have diminished pulsations. This could not be 
substantiated by the data obtained so far. The 
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explanation for unequal carotid pulsations in 
terms of collateral circulation is not apparent at 
this time. 


BRUIT 


Many disease states will produce an audi- 
ble carotid or intracranial murmur. These in- 
clude anemia, hyperthyroidism, Paget’s dis- 
ease, aortic lesions, many vascular malforma- 
tions, and certain neoplasms (hemangioma, 
carotid body tumor) .**-37 Occasionally, carotid 
artery occlusions are associated with such 
bruits. Thus, Harvitz** in 1926 reported a pa- 
tient with bilateral carotid occlusions whose 
symptomatology included “noises in the ears.” 
Cohen and Miller*? and Fisher*® have sug- 
gested auscultation over the eveball as a means 
of eliciting the bruit. Fisher*® noted that the 
murmur occurs on the side opposite a com- 
pletely occluded carotid and suggested that it 
may be due to collateral blood flow in the 
anterior communicating artery. Subsequent 
writers!:4°.41 have claimed that a murmur 
heard over the carotid artery represents partial 
occlusion at that site. Crevasse and Logue*® 
claim that the systolic carotid murmur changes 
to a continuous murmur with the failure of 
collateral circulation. 

Present study. All patients were carefully 
examined with the bell of a stethoscope for 
the presence of a bruit over both carotids, both 
eyeballs, and both temporal areas. Eyelid 
flutter was easily controlled by having the pa- 
tient open his eyes, as suggested by Fisher.*” 
In no patient was a bruit heard in the head. In 
only 4 patients were murmurs heard in the 
neck. In 3 patients in whom occlusion was 
complete, the murmur was heard over the pa- 
tent carotid; 1 of these also had a murmur over 
her occluded carotid. In 1 patient with partial 
occlusion, the murmur was heard on the side 
of occlusion. Careful auscultation in 10 other 
patients with partial carotid occlusions failed 
to reveal any bruit. 

The 4 patients with carotid murmurs had 
significant collateral flow from the patent ca- 
rotid via the anterior communicating artery. 
However, no bruits were heard in 9 other pa- 
tients with similar collateral supply. 

Comment. Auscultation for carotid or intra- 
cranial bruit seems to be of limited diagnostic 
value for carotid occlusion, in that such mur- 
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TABLE 2 


RETINAL ARTERY SYSTOLIC PRESSURE DIFFERENCES 
IN PATIENTS WITH CAROTID OCCLUSION 


-—Number of patients—, 
% difference of Partial Complete 


retinal artery carotid carotid Interpreta- 
systolic pressure occlusion occlusion tion 
0 to 19 0 4 “Negative test” 
20 to 39 5 1 “Positive test” 
40 to 59 3 6 7 
Greater than 60 0 1 7 


murs are only infrequently heard. When pres- 
ent, these murmurs do not necessarily indicate 
partial occlusion. In the patients in the present 
series with murmurs over the patent carotid, 
collateral flow from this artery through the 
anterior communicating artery could be dem- 
onstrated. While a bruit was not audible in 
other patients with similar collateral circula- 
tion, there may be a relation between collateral 
flow via the anterior communicating artery 
and the production of a bruit. This relation has 
been suggested previously.” 


OPHTHALMODYNAMOMETRY 


Since the ophthalmic artery is a direct 
branch of the internal carotid, it is quite logical 
to expect diminished pressure in the retinal 
artery on the side of an occluded carotid. It 
should be noted, however, that there are many 
conditions other than carotid occlusion which 
may produce significantly unequal retinal ar- 
tery pressures. These conditions include uni- 
lateral glaucoma, unilateral iritis, disease of 
the aorta,*? cranial arteritis,4? intracranial tu- 
mors,**-44 and vascular malformations.*® 

The first recorded ophthalmodynamometric 
diminutions of retinal artery pressure in a 
patient with carotid occlusion was made by 
Baurmann*® in 1936. Thomas and Petrohelos*? 
in 1953 collected from the literature 15 in- 
stances of significant ophthalmodynamometric 
changes in 19 patients with carotid occlusions 
and reported 5 patients, 4 of whom had posi- 
tive tests. Since then, the value of the proce- 
dure as a simple diagnostic test for carotid oc- 
clusion has repeatedly been shown.*2-43-49.48—52 

Comments have appeared in the literature 
attempting to explain why not all patients 
with carotid occlusions have diminished reti- 


nal artery pressures. Patients with occlusions 
distal to the origin of the ophthalmic artery 
should have normal ophthalmodynamometric 
findings.** It has been suggested that other 
patients with carotid occlusions and equal 
retinal artery pressures have significant col- 
laterals via the ophthalmic.*7.5° 

Present study. Adequate ophthalmodyna- 
mometry was performed in only 20 patients. 
Lack of cooperation, cataracts, and other ob- 
stacles precluded adequate testing in 5 others. 
The technic employed does not differ from 
that of other writers and has been described 
elsewhere.®? A systolic pressure difference of 
20% or greater was considered to indicate a 
positive test. In the 20 patients adequately 
examined, 16 had significantly diminished reti- 
nal artery pulsations on the side of their occlu- 
sions. Patients with complete occlusions tended 
to show greater differences than patients with 
partial occlusions. Table 2 summarizes the re- 
sults of the ophthalmodynamometric studies. 

Only 1 of the 4 patients with negative 
ophthalmodynamometric studies had adequate 
collaterals via the ophthalmic artery. In the 
other 3 patients, the collaterals were elsewhere 
or not determined; 5 of the 16 patients with 
significantly diminished retinal artery pres- 
sures had major collateral flow via the external 
carotid-ophthalmic anastamoses. 

Comment. The diagnostic value of a dimin- 
ished ipsilateral retinal artery pressure for 
carotid artery occlusion is confirmed. The pres- 
ence or absence of this finding does not seem 
to be related to any demonstrable route of col- 
lateral circulation. It should not be surprising 
that patients with carotid occlusions and col- 
lateral flow via the ophthalmic artery have 
diminished retinal artery pressures on their 
occluded sides, since the direction of flow 
through the ophthalmic artery, as determined 
by serial angiographic study, is reversed as 
compared with the normal. 


CAROTID COMPRESSION 


The history of observations on manual com- 
pression of the carotid arteries, which appar- 
ently dates back to ancient Greece, has recently 
been reviewed by Webster and Gurdjian.™ 
While a large percentage of patients with ca- 
rotid occlusions will exhibit syncope or seizures 
during compression of their patent carotids, 
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similar responses can readily be obtained in 
many patients without carotid occlusions. 
“False-positive” compression tests can occur 
in patients with anterior cerebral artery oc- 
clusions,*+~*7 basilar artery 
increased intracranial pressure,**-57 and several 
other conditions.**—*° 

The first application of the procedure to 
evaluate cerebral circulation was reported by 
Matas®! in 1911, and, as best could be deter- 
mined, the first “positive” response recorded 
in a patient with probable carotid occlusion 
was in 1930.® 

Patients with carotid occlusions may exhibit 
the following when the patent carotid is com- 
pressed: [1] narrowing of the retinal arteries on 
fundoscopy,**-** with changes in the retinal ar- 
tery pressures;*4-55 [2] paresthesias and hemi- 
paresis contralaterally;*** [3] syncope and/ 
or seizures;**-558 and [4] electroencephalo- 
graphic Syncope 
seems to be the most common clinical finding 
with compression of the patent carotid. This 
was noted to occur in 44 of 52 patients with 
proved partial or complete carotid occlu- 
sions.*® Meyer and associates®™ noted electro- 
encephalographic changes in all of 23 patients 
with suspected carotid insufficiency. 

Complications have been reported in the 
literature following manual manipulations of 
the carotid artery.*7:7! However, these are ex- 
tremely rare. It is the feeling of most clini- 
cians who use the test that the amount of in- 
formation to be gained from it far exceeds 
the possible risk. 

Some suggested correlations between the 
results of carotid compression tests and col- 
lateral circulation have appeared. Most authors 
feel that, in patients with positive tests, the 
major blood supply to the brain is through the 
patent carotid via the anterior communicating 
artery. Thus, it is claimed that patients who 
have negative tests may have collaterals via 
the external carotid®-°* or vertebral channels.** 

Present study. Carotid compression tests 
were performed in 29 patients. The technic 
employed utilizes superficial temporal artery 
control and has been presented in detail else- 
where.7! In the present study, 21 patients 
had positive carotid compression studies; 1 had 
positive tests with compression of either ca- 
rotid, and the others showed symptoms only 
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when the patent carotid was compressed. Syn- 
cope was produced in 19 patients and seizures 
in 20; 15 of these 20 patients with seizures had 
focal convulsions limited to the extremities 


. opposite the side of compression, 2 had sei- 


zures on the ipsilateral side, and 3 had general- 
ized seizures. Electroencephalographic changes 
were obtained in 13 patients at the time of 
their positive compression tests. These ap- 
peared as diffuse abnormalities in 7, slowing 
on the side compressed in 5, and slowing on 
the opposite side in 1. The electroencephalo- 
graphic changes observed in some of these 
patients have been described in detail else- 
where.®8 

Bilateral carotid angiograms were performed 
in 14 of the 21 patients with positive carotid 
compression tests. Collateral flow via the anter- 
ior communicating artery was clearly demon- 
strable in 12 of these 14 patients. Bilateral 
arteriograms were done in 6 of the 8 patients 
with negative compression tests. In only 1 of 
these 6 patients was collateral flow through the 
anterior communicating artery demonstrable. 

Comment. Manual compression of the pat- 
ent carotid artery appears to be a valuable 
maneuver for the diagnosis of carotid occlu- 
sion, although false-positive tests are quite 
frequent. The observation that 12 of 14 pa- 
tients with positive compression tests and only 
1 of 6 with negative tests had major collateral 
supply through the anterior communicating 
artery is significant. Analysis of the data with 
the chi-square test reveals the correlation be- 
tween an anterior communicating collateral 
and a positive carotid compression test to be 
within the 5% confidence limit. 


DISCUSSION AND CONCLUSIONS 


The clinical diagnosis of carotid occlusion 
may be quite difficult.7? The symptoms of in- 
termittent episodes of unilateral cerebral dys- 
function or the rare occurrence of unilateral 
optic atrophy with contralateral hemiplegia are 
by no means specific for carotid occlusion. 
Ipsilateral optic atrophy or visual symptoms 
were noted in less than 10% of patients in the 
3 largest series of carotid occlusions reported 
to date.!®.73.74 Others attempting to distinguish 
between middle cerebral and internal carotid 
occlusions have reported that [1] onset of 
symptoms is more rapid with middle cerebral 
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TABLE 3 


DIAGNOSTIC VALUE OF CERTAIN BEDSIDE TESTS FOR CAROTID OCCLUSION 
AND THEIR RELATION TO COLLATERAL CIRCULATION 


False Risk of % positive in Relation to 
Test positives procedure present study collaterals 
Diminished carotid Rare None 17% Unknown—not related 
pulsations to external carotid 
Bruit Common None 13% May be related to anterior 
communicating collaterals 
Ophthalmodyna- Rare None 80% Unknown—not related to 
mometry ophthalmic 
Carotid compression Common Possible 70% Related to anterior com- 
municating collaterals 
occlusions;*® [2] degree of hemianopsia is transitory failure of these collateral §chan- 


greater with a middle cerebral lesion;** [3] 
Horner's syndrome may occur on the side of 
a carotid occlusion;** and [4] there may be 
dilation of the vessels of the face on the side 
of carotid occlusion.'7-34.35 However, these 
signs or symptoms are rarely useful for the 
diagnosis of carotid occlusion. On the other 
hand, ophthalmodynamometry and _ carotid 
compression tests, as shown in the present 
study, are of considerable diagnostic aid. Un- 
equal carotid pulsations and carotid or intra- 
cranial bruit, although rare, are of significance 
when they are detected. The definitive diag- 
nosis of carotid occlusion is dependent upon 
adequate angiographic study. It is recom- 
mended that such angiograms be performed 
in all suspected cases of carotid occlusion, not 
only to confirm the diagnosis but also to de- 
termine the extent of occlusion and to evaluate 
collateral circulation. When more is known 
about collateral circulation in carotid occlusive 
disease, it may be possible to make more 
accurate prognosis or to determine the proper 
type of therapy to be instituted. A discussion 
of the various forms of medical and surgical 
therapy reported to be effective for carotid 
occlusions is beyond the scope of this com- 
munication. 

Certain clinical inferences have been drawn 
in the literature regarding the nature and de- 
velopment of collateral circulation with carot- 
id occlusive disease. Significant collateral cir- 
culation has been reported to occur from with- 
in ten hours! to six weeks® after the prob- 
able onset of occlusion. It has been postulated 
that the intermittent symptoms so frequently 
seen with carotid occlusion may represent 


nels;*#.64.69 that the lack of ipsilateral visual 
involvement may be due to collateral circula- 
tion through the ophthalmic artery;*:77 that 
patients with an explosive onset of symptoms 
and severe persistent deficit have insufficient 
collaterals;***° and that the greater motor 
deficit in the upper extremity in hemiplegia 
due to carotid occlusion is due to relative in- 
sufficiency of the collateral flow via the anterior 
communicating artery in maintaining the area 
normally supplied by the middle cerebral ar- 
tery.54,65.81 While these theories may be valid, 
the few published attempts to correlate the 
clinical picture with the angiographically de- 
monstrable collateral circulation have been 
unsuccessful.!6.10 The rapidity with which 
these collaterals develop after carotid occlusion, 
and the rate at which occlusion itself develops 
may be significant factors for such a correla- 
tion. 

In the present study, the attempt to corre- 
late certain diagnostic features of carotid oc- 
clusion with collateral circulation met with 
only moderate success. While it seems prob- 
able that a positive carotid compression test 
and, possibly, an audible carotid bruit are re- 
lated to development of anterior communicat- 
ing collaterals, the precise role of collaterals in 
determining the diagnostic and clinical features 
of the syndrome of carotid artery occlusion re- 
mains unclear. 

The conclusions are summarized in Table 3. 


SUMMARY 


1. A group of 30 patients with proved oc- 
clusions of the common and internal carotid 
arteries was investigated from the viewpoint 
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of correlating certain procedures that are re- 
portedly diagnostic for carotid occlusion with 
the angiographically demonstrable collateral 
circulation. 

2. Diminished carotid pulsations were pres- 
ent in only 17% of these patients. Increased 
carotid pulsations on the occluded side were 
noted in 2 patients. Carotid pulsations in the 
neck or pharynx are generally of limited diag- 
nostic value, except for occlusions in the com- 
mon carotid artery, in which case both the 
carotid and superficial temporal pulses may be 
absent. No correlation between unequal carot- 
id pulsations and collateral circulation could 
be established. 

3. Carotid or intracranial bruits are infre- 
quently of diagnostic aid. A bruit was heard in 
13% of the patients in this series. With com- 
plete occlusion, the bruit may be heard contra- 


laterally; or, with partial occlusion, on the 
same side. There may be a relation between 
collateral flow through the anterior communi- 
cating artery and the presence of contralateral 


- bruit. 


4. Ophthalmodynamometric differences in 
retinal artery systolic pressures, greater than 
20%, constitute an excellent diagnostic test for 
carotid occlusions. This test was positive in 
80% of the patients studied. No correlation 
with collateral circulation could be demon- 
strated. 

5. Manual compression of the patent carotid, 
another good diagnostic test although many 
false-positives do occur, was positive in 70% 
of the patients in this series. A definite corre- 
lation between a positive test and collateral cir- 
culation via the anterior communicating artery 
was established. 
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Myxoma of the heart with internal 


carotid artery occlusion in a child 


Dora Hsi-Chih Chao, M.D., Marshall G. Henry, M.D., 
and Harvey S. Rosenberg, M.D. 


Primary neoplasm of the heart is a rare con- 
dition. Myxoma is the most common type. In 
Mhaim’s! review in 1945 of 250 cardiac tu- 
mors, 82 were myxomas, 68 of which involved 
the left atrium. The number of reported cases 
had increased to 125 when the subject was 
studied again by Prichard! in 1951. The 
statistics of the American Medical Association 
between 1938 and 1942 show that there were 
only 8 cases of myxoma of the heart among 
480,331 autopsies in the United States, an in- 
cidence of 0.0017%.2 

Through the advances in angiocardiography 
and cardiac surgery in recent years, more cases 
of myxoma of the heart have been diagnosed 
and a cure may be achieved in some patients 
by the removal of the tumor. The great major- 
ity of patients with this condition are adults 
between 30 and 50 years of age. Only a few 
cases have been reported in children.*-* 

Embolic or thrombotic occulsion of the in- 
ternal carotid artery is also uncommon in 
children. Sporadic case reports reveal a va- 
riety of causes including embolization from 
thrombosed patent ductus arteriosus,* throm- 
bosis from congenital aneurysms,* traumatic 
injuries,® and spreading infection from para- 
nasal sinuses;? in some cases, the etiology was 
obscure.7:8 

Tumor embolization of the internal carotid 
artery and its branches from left atrial my- 
xoma occurred in 2 of the reported cases.3.9 
Occlusion of the left internal carotid artery by 
thrombus from the surface of the myxoma was 
presumed to be the underlying mechanism in 


the patient to be described in this paper. 
CASE REPORT 


The patient was a 9-year-old white girl. She 
was admitted to the Children’s Neurology Ser- 


418 


vice of Methodist Hospital on June 26, 1958, with 
a history of sudden onset of coma and right hemi- 
plegia of eight hours’ duration. 


During the previous year, the patient had fre- 
quent episodes of nausea, vomiting, headache, 
and dizziness. These usually occurred at bedtime 
and lasted one-half to one hour. During the day, 
she would go to school and participated in sports 
without apparent handicap. 

Two to three weeks before admission, the pa- 
tient began to experience poss | pain and numb- 
ness in her right arm and hand, soreness in her 
right calf, and a slight limp of the right leg. 

One day before admission she felt sleepy and 
was feverish. The next morning, she was found un- 
conscious on the bathroom floor. At another hos- 
pital, her spinal fluid was found to be normal. No 
evidence of trauma was demonstrable. 

Physical examination found the patient semi- 
comatose. Her eyes drifted to the left. The pupils 
were 4 to 5 mm. and equal. Right facial palsy of 
the supranuclear type was noted. The right upper 
extremity was completely —— and the right 
lower extremity moved only slightly. Hyperactive 
tendon reflexes, sustained ankle clonus, and ex- 
tensor plantar reflex were demonstrated on the 
right side. General physical examination was con- 
sidered to be within normal limits. 

Bilateral carotid arteriographic examination per- 
formed two days after admission revealed an ob- 
struction of the left internal carotid artery 1.5 in. 
distal to the bifurcation of the common carotid 
artery (Fig. 1). In view of the uncertainty of ex- 
tent and the obscurity of etiology of the lesion, 
surgical intervention was deemed inadvisable. From 
our previous experience, the curved, oblique, 
eg appearance of the obstruction led 
us to infer that retrograde thrombosis had oc- 
curred, extending from a lesion higher up in the 
carotid artery. This is illustrated in the arterio- 
gram (Fig. 1). Conservative therapy and drugs 
to reduce vascular spasm were instituted, pending 
further studies and observation. 


From the Departments of Pediatrics, Neurology, and Path- 
ology, Baylor University College of Medicine, the Metho- 
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Thirty-six hours after admission, the patient re- 
gained consciousness but was unable to speak. 
(She was left handed.) Shortly afterward, it was 
noted that she could communicate by writing with 
her left hand. 

During her hospital stay of thirty-one days, the 
“xp ran an irregular febrile course (Fig. 2) and 

er neurologic status remained unchanged. Labor- 
atory studies disclosed leukocytosis, granulocytosis, 
thrombocytosis, and anemia, all of which were 
moderate, persistent, and tended to increase as the 
disease progressed. Several more spinal fluid ex- 
aminations were negative. The electroencephalo- 
gram showed high voltage, very slow waves on the 
left and independent focal slow waves in the right 
frontal and occipital regions. 

About one week after admission, a presystolic, 
rumbling murmur localized over the cardiac apex 
became audible for the first time. The possibility 
of mitral stenosis was raised. There was, however, 
no past history to suggest rheumatic fever. With 
fever, leukocytosis, and anemia, bacterial endo- 
carditis was also suspected. 

The erythrocyte sedimentation rate was con- 
sistently elevated; 10 blood cultures and 1 bone 
marrow culture were sterile. The C-reactive pro- 
tein was positive on repeated occasions. Peni- 
cillin therapy was given a brief trial with no 
improvement in the patient’s condition. The heart 
remained normal in size. The electrocardiogram 
showed only sinus tachycardia. The murmur was 
found to change in character from day to day. 


Since an infectious etiology could not be demon- 
strated, a possible generalized collagen disease 
was considered. Blood lupus erythematosus cell 
preparation and muscle biopsy were negative. The 
albumin-globulin ratio was reversed, and ab- 
normal globulin was shown in electrophoretic pat- 
tern. Steroid therapy was instituted and main- 
tained for two weeks. There was no clinical re- 
sponse whatsoever. Following this, it was noted 
that the heart was enlarged. The diastolic mur- 
mur was sometimes musical and high pitched. A 
friction rub was heard on several occasions. 


Evidence of congestive heart failure began to 
appear while the steroids were being gradually 
discontinued. The patient became restless and un- 
comfortable. She had bouts of irritating, hacking 
cough. She was then digitalized. The neurologic 
findings remained unchanged, and, because of the 
progressive cardiac symptoms, the patient was 
transferred to the Cardiac Service of Texas Chil- 
dren’s Hospital on the twenty-third day of her ill- 
ness. In view of the continued suspicion of sub- 
acute bacterial endocarditis, she was treated with 
chloramphenicol. The congestive failure persisted, 
and the patient Prone Ro: paroxysmal dyspnea in 
spite of adequate digitalization. The electrocardio- 
gram showed evidence of left ventricular ischemia. 

During the last week of the illness, clumps of 
unusual and unidentifiable cells in blood smears 
were noted by Dr. J. Donald Fernbach. The pos- 
sibility of intracardiac tumor such as myxoma was 


Fig. 1. [A] Left carotid arteriogram shows 
complete occlusion of internal carotid arte: 
1% in. distal to bifurcation. Not curved, 
tapered, oblique appearance. [B] Right ca- 
rotid arteriogram shows normal filling for 
comparison. 


suggested by Dr. Fernbach and Dr. Robert Leach- 
man. An angiocardiographic examination, how- 
ever, could not be carried out at the time since 
the patient was critically ill. Death occurred sud- 
denly while the patient was being fed on the 
thirty-first day of her illness. 


PATHOLOGY REPORT 


At postmortem examination, a polypoid mass 
of fleshy, brownish-red, semitranslucent tissue 
was found filling the left atrium and occlud- 
ing the orifice of the mitral valve (Fig. 3). 
The tumor measured 6 x 4x4 cm. and had a 
very short attachment to the posterior wall of 
the left atrium. The site of attachment was 
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Fig. 2. Diagram of clinical course summa- 
rizes major findings, treatment, and lack of 
response. 


roughly circular and measured 1.7 cm. in di- 
ameter. 

Focal infarction encountered in 
both kidneys were yellow-brown and _ firm. 
Both recent and old infarctions were en- 
countered in the spleen. Large areas of en- 
cephalomalacia involved the basal ganglia 
region and the thalamus bilaterally (Fig. 4). 
A large thrombus was identified within the 
left internal carotid artery. 

Microscopically, the tumor within the heart 
was relatively acellular and contained large 
quantities of both mucin and fibrin. The cell 
population was composed of fibroblasts and 
large mononuclear cells, many of which con- 
tained hemosiderin granules. Small numbers 
of polymorphonuclear leukocytes and lympho- 
cytes were found. Thick-walled blood vessels 
were encountered within the base of the tumor. 
Mucin was identified by the alcian blue pro- 
cedure. Fibrin was identified by both periodic 
acid-Schiff and phosphotungstic acid—hema- 
toxylin stains. 

Comment on pathology. Several pathologic 
features are classically accepted in the differ- 
ential diagnosis between myxoma and an 
organized thrombus.'° Employing these cri- 
teria, the present case cannot be well defined. 
The tumor arose from the atrial wall, was firm, 
and contained an abundance of hemosiderin; 
these features are characteristic of an organ- 
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ized thrombus. On the other hand, the struc- 
ture was soft, had an irregular contour, was 
semitranslucent, had a small pedicle, was 
sparsely cellular, and contained mucin; these 
features are characteristic of myxoma. 

The thrombus in the internal carotid artery 
was composed of fibrin with no evidence of 
myxomatous tissue. It is assumed that this 
was embolic from the surface of the intra- 
cardiac mass. 

The structure of the tumor was such that 
functional occlusion of the mitral orifice was 
possible, and this was probably the mechanism 
of the terminal episode. 

The cells encountered in the peripheral 
blood remain unidentified. They are probably 
histiocytes, although their origin is not definite- 
ly known. They do not resemble the cells 
within the intracardiac tumor. They are simi- 
lar to those described in the peripheral blood 
in association with subacute bacterial endo- 
carditis. Details will be published elsewhere 
by Dr. Fernbach. 


DISCUSSION 


Comment on carotid occlusion. The pre- 
senting clinical picture in our patient was that 
of acute right hemiplegia. Occlusion of the 
left internal carotid artery as the cause of this 
neurologic deficit was promptly established by 
bilateral carotid angiography. There was 
neither history nor evidence of external trauma. 

It is interesting to note that, in our patient, 
the episode of internal carotid occlusion was 
preceded by repeated transient attacks of 
minor neurologic symptoms in the form of 
headaches, dizziness, nausea, and vomiting for 
nearly a year and that these episodes nearly 
always occurred at night or early in the morn- 
ing. Prodromal symptoms of a similar nature 
have been described by other writers.'' They 
are attributed to transient cerebral ischemia 
that may be aggravated by more sluggish cir- 
culation at night. Mental changes after an 
occlusive episode also have been observed." 
Our patient exhibited drowsiness and apathy 
early in her illness and restlessness, anxiety, 
and general mental deterioration in the later 
stages. 

Comment on cardiac disease. Myxoma of 
the left atrium is easily misdiagnosed as rheu- 
matic mitral stenosis (and that of the right 
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atrium as tricuspid disease). This has been 
commented upon by many writers.*.1?-2? In 6 
of 9 patients whose intracardiac myxomas have 
been successfully removed surgically, the oper- 
ation has been for mitral commissurectomy.?*-*8 
The reason for this common error is that a 
portion of a pedunculated tumor may cause 
obstruction of the valvular orifice, which 
mechanically and hemodynamically simulates 
valvular stenosis. Thus, the murmur may be 
quite indistinguishable from that of mitral 
stenosis. The change in the murmur with 
position of the patient and change in the 
character of the murmur from day to day, 
which are characteristic of myxoma, may not 
be detected or may be ignored. Lack of sus- 
picion because of the rarity of this lesion is 
another factor responsible for failure to diag- 
nose a cardiac tumor. Subacute bacterial endo- 
carditis is another common misdiagnosis be- 
cause evidence of infection and embolism are 
often present. 3,13,16,29-31 

Systemic embolization by fragments of tu- 
mor tissue or thrombi thrown off from the sur- 
face of the myxoma may involve many major 
arteries.!* In addition to mechanical obstruc- 
tion of the mitral orifice, the tumor may ob- 
struct the pulmonary veins and precipitate pul- 
monary edema or lead to venous thrombosis 
and pulmonary hypertension.*! 

In retrospect, a number of findings were 
quite unusual and inconsistent with the diag- 
nosis of either rheumatic mitral stenosis or 
subacute bacterial endocarditis: [a] lack of a 
good history of rheumatic disease, [b] more 
rapid day to day changes in the cardiac mur- 
mur and cardiac status than in the usual case 
of rheumatic mitral stenosis or subacute bac- 
terial endocarditis, [c] relentless progression of 
heart failure, [d] lack of response to adequate 
digitalization, [e] repeatedly negative blood 
cultures, and [f] ineffectiveness of steroid and 
antimicrobial therapy. All of these points have 
been similarly experienced and recorded by 
other writers. 


SUMMARY 


A 9-year-old girl suffering from acute left 
internal carotid artery occlusion due to throm- 
boembolic episodes from myxoma of the left 
atrium is reported. The arterial occlusion was 
demonstrated by carotid arteriography. 
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Fig. 3. The irregular contour of the surface 
of the tumor may be seen. The tumor is at- 
tached to the left atrial wall and extends 


through the mitral valve. 


Fig. 4. Cut section of the brain reveals loca- 
lized encephalomalacia involving the basal 
ganglia. 
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A number of features suggesting the pos- 
sibilities of mitral stenosis, subacute bacter- 
ial endocarditis, and collagen disease were 
observed but unsubstantiated by laboratory 


studies. Intracardiac myxoma was suspected | 


too late in the course of the illness for angio- 
cardiography to be safely performed. The 
diagnosis was made at postmortem examina- 
tion. 
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Edward A. Cary 


Dr. Epwarp A. Cary died suddenly on Novem- 
ber 24, 1959, at the age of 35. 


Dr. Cary was born in Beaumont, Texas. He 
received his Bachelor of Science degree from 
Tulane University and, in 1947, was graduated 
from Tulane University Medical School. He 
served his internship in the University of Michi- 
gan Hospital and was appointed resident in the 
Department of Neurology at the same institu- 
tion in 1948. From 1950 until 1952, he was a 
medical officer in the Navy with the rank of 
Lieutenant, Senior Grade. During this time, he 
was associated with the Neurology Services at 
Valley Forge Army Hospital and the Portsmouth 
Naval Hospital. He returned to the University 
Hospital after his military service and, in 1953, 
was appointed instructor in neurology at the 
University of Michigan Medical School and chief 
of neurology at the Veterans Administration Hos- 
pital, Ann Arbor. He was also a member of the 
staff of St. Joseph Mercy Hospital. 


In 1955, Dr. Cary was certified in neurology 
by the American Board of Psychiatry and Neu- 
rology. He was a member of the American 
Academy of Neurology and the American Med- 
ical Association. He was a capable neurologist 
and a well-informed teacher and will be sadly 
missed by his family, friends, and associates. 


CLaupE M. Lowry, M.D. 
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Electrographic and Histologic Correlations in 

Temporal Lobe Epilepsy 
Frank Morrell, Erland Nelson, Fernando Torres, and 
Lyle A. French, Minneapolis 

Visual Fits 


Hans-Lukas Teuber, William S. Battersby, and Morris 
B. Bender, New York City 


Lack of Alpha Reduction in Patients with Defective 
Revisualization 
Norman H,. Cohen, Maire McAuliffe, and Donald Mac- 
rae, San Francisco 


The Relation of Seizures, Endocrine and Maturational 

Factors to the Genetic Trait: 

Light Evoked EEG Abnormality 
Elliott Marcus, C. Wesley Watson, and Reinette Bow- 
ker, Boston 

The Relationship of Cataplexy to Periodic Paralysis 
Seymour Solomon, New York City 


Cerebrovascular Accidents in Patients Receiving 
Anticoagulant Drugs 
Charles E. Wells and Donald Urrea, New York City 


Intracranial Hemorrhage in Patients with 
Bleeding Tendencies 


Allen Silverstein and Gabriel Gelin, New York City 
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Afternoon Meeting, 1:30 P.M. Friday, April 29, 1960 


Cafe Pompeii 


Chairman: Philip R. Dodge, Boston 
Secretary: Charles A. Kennedy, Philadelphia 


S. Weir Mitchell Award Essay 
Subject and author to be announced. 
This is the annual award given by the Woman’s Auxil- 
iary to the American Academy of Neurology to the 
junior member who has sub he ipt 
adjudged best by the committee. 
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Hemispherectomy in Sturge-Weber Syndrome: 
A Five Year Follow-up Study 


Eugene B. Spitz and Charles Kennedy, Philadelphia 
Fatal Nucleus Pulposus Embolism of the Spinal Cord 
Following Trauma 

J. L. Naiman, J. S. Prichard, and W. L. Donohue, 

Toronto 
Studies of Eye Movements in Newborn Infants 

Murray E. Pendleton and Richmond S. Paine, Boston 
Headache in Childhood, EEG Evaluation of 500 Cases 


W. A. Froelich, C. C. Carter, J. L. O’Leary, and H. E. 
Rosenbaum, St. Louis 


Spongy Degeneration of White Matter in Infancy 
(A Clinico-Pathological Study) 
James T. Robertson and Betty Q. Banker, Boston 


A Hereditary Neurological Disorder with Acanthrocytosis 
Irving M. Levine, Maurice Yettra, and Mario Stefanini, 
Boston 


A New Sex-Linked Recessive Disorder Characterized 
by Retarded Growth, Peculiar Hair, and Severe 
Motor Impairment 


John H. Menkes, Milton Alter, and Marilyn Schotland, 
New York City 


Progressive Ophthalmoplegia and Macular Dystrophy 
Associated with Hereditary Cerebellar Ataxia 


Robert S. Jampel and Howard Bernstein, New York 
City 


Afternoon Meeting, 2 P.M. Friday, April 29, 1960 


MOVIES 


Mona Lisa Room 


The Neurological Actions of the Phenothiazine Compounds 
F. A. Vazuka, Philadelphia 


Neurological Examination of Newborn Infants 
R. S. Paine, Boston 


Behavior Responses of Dogs to Bufotenin Reaching 
the Brain Either by the Vertebral Artery or Internal 
Carotid Artery 


W. A. Himwich, E. Costa, and H. E. Himwich, 
Galesburg, Ill. 


Morning Meeting, 9 A.M. Saturday, April 30, 1960 


Cafe Pompeii 


Chairman: Charles A. Kane, Boston 
Secretary: Walter J. Friedlander, Boston 


A Contribution to the Understanding and Treatment of 
Intention Tremor of Multiple Sclerosis and Cerebellar 
System Disease 

Irving S. Cooper, New York City 
Hemangiopericytoma of the Meninges, A Report of the 
Clinicopathologic Aspects and Follow-up Studies of 
Eight Cases 

Francis Kruse, Jr., Washington, D. C. 


Demyelinization of Spinal Cord in Hodgkin’s Disease 
Lewis Wiener, Thomas Koeze, and Gerald H. Klindon, 
New York City 

The Volume of the Cerebral Ventricles 

(Robert Wartenberg Memorial Lecture) 

James W. D. Bull, London 


Toxic Effects of the “Tranquilizer” Drugs 
Edward E. Shev, San Francisco 
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The Anatomy of the Midline Aperture of the 
Fourth Ventricle 


Bill Garoutte, Richard Griffin, and Hian Tjiong Liem, 
San Francisco 


The Influence of Position of the Head upon Flow 
through the Carotid and Vertebral Arteries of Cadavers 
James F. Toole and Samuel H. Tucker, Philadelphia 


Vertebral Artery Compression by Cervical Spondylosis. 
An Arteriographic Demonstration of the Cause of 
Vertebral Artery Insufficiency During Posturing 
of the Neck 

S. Sheehen, R. Bauer, and J. S. Meyer, Detroit 


Complications of Carotid Manipulation 


John R. Calverley and Clark H. Millikan, Rochester, 
Minn. 


| 
| 


Morning Meeting, 10:30 A.M. Saturday, April 30, 1960 
MOVIES 


Mona Lisa Room 


Western Encephalitis in Children Failure of Intermanual Transfer of Training in 
Knox H. Finley, San Francisco Corpus Call Sectioned Chimp 


Ronald E. Myers, Washington, D. C. 


Section of Neuroanatomical Sciences 


Afternoon Session, 2 P.M. Thursday, April 28, 1960 


Palladium Room 
Chairman: Orville T. Bailey, Chicago 
Secretary: Ray S. Snider, Chicago 


Functional Development of Some Neocortical and A Histochemical Mapping of the Distribution of 
Hippocampal Synaptic Pathways in Newborn Cat Succinic Dehydrogenase in the Areas of the 

D. P. Purpura, E. M. Housepian, and M. W. Carmi- Cerebral Cortex of the Guinea Pig 

chael, New York City Reinhard L. Friede, Ann Arbor, Mich. 


The Effect of Epileptic Discharges on Cortical Excitability 
L. Berlin and V. E. Amassian, New York City Observations on the Fine Structure and Histochemistry 
of the Ciliary Ganglion in the Chicken 


tiveti 
Spinal Inhibition by Brain Stem Activation 


Sid Gilman and Bo E. Gernandt, Bethesda, Md. 


Factors Related to Recording Photic and Sciatic Potentials 
from Cat Cerebellum 
J. S. Haft, C. A. Hovde, and P. J. Harman, Jersey 


The Use of Mercuric and Silver Stains to Show Different 
Types of Connections in the Central Nervous System 
E. G. Bertram, H. K. Thrig, and G. M. Williams, 


City, N.J. Milwaukee 
Electron Microscopic Observations on Neurons and 
Neuroglia in Tissue Cultures of Developing Rat Role of the Sympathetic Nervous System in Urinary 
Cerebellum Bladder Function in the Cat 
Leonard L. Ross, Murray Bornstein, and Gerard Lehrer, E. H. Ingersoll, L. L. Jones, and E. S. Hegre, 
New York City Richmond, Va. 


Morning Meeting, 9 A.M. Friday, April 29, 1960 
Cafe Pompeii 


SYMPOSIUM — THE PATHOLOGY OF BRAIN TUMORS 
Chairman: Orville T. Bailey, Chicago 


Experimental Brain Tumors Electron Microscopic Studies of Brain Tumors 
Harry M. Zimmerman, New York City Sarah A. Luse, St. Louis 
Discusser: Martin G, Netsky, Winston-Salem, N.C. Discusser: Harry M. Zimmerman, New York City 


Morphological Problems of Brain Tumors with 
Morphology of Oligodendrogliomas in Vivo and in Vitro Mixed Cell Population 
Leopold Liss, Ann Arbor, Mich. L. J. Rubinstein, London 
Discusser: Augustus S. Rose, Los Angeles Discusser: Webb Haymaker, Washington, D.C. 


Comparison of Biological Characteristics of Brain 
Tumors in Children and Adults 


Donald D. Matson, Boston 
Discusser: Orville T. Bailey, Chicago 
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Section of Neurochemistry 
Afternoon Meeting, 2 P.M. Thursday, April 28, 1960 


Pavilion Room 


Chairman: Maynard M. Cohen, Minneapolis 
Secretary: Guy M. McKhann, Bethesda, Md. 


Cerebrospinal Fluid Protein Fractionation on In Vivo Conversion of Endogenous Cerebral Glutamate 
Anion Exchange Cellulose Columns to y-Aminobutyrate: Measurements with C''-Pyruvate 
Wallace W. Tourtellotte, Suzzanne K. Knowlion, G. R. Wayne Albers, Guy M. McKhann, and David K. 
Thomas Possananti, and Russell N. DeJong, Ricks, Bethesda, Md. 
Ann Arbor, Mich. 
The Quantitation of Protein Components in the C.S.F. Ammonia Metabolism in the Brain 
and Serum of Neurological Patients by Rapid S. Berl, G. Takagaki, D. D. Clarke, D. P. Purpura. 
Immunochemical Means and H. Waelsch, New York City 
Morris Goodman, Detroit 
The Participation of Proteins in Metabolic Activity 
Carbohydrates of Cerebrospinal Fluid in Disorders of Cerebral Cortex in Vitro 
of the Nervous System John R. Wherrett, Bethesda, Md. 
Samuel Bogoch, Boston 
Vitamin By (Pyridoxine) Deficiency, Cerebral Oxidative Some Metabolic Disturbances Produced by a Pyrimidine 
Metabolism and -y-Aminobutyric Acid Analog, 5-Fluoroorotic Acid, in the Feline Neuraxis 
Guy M. McKhann and Olaf Mickelsen, Harold Koenig, Dorothy Gaines, Warren Wells, 
Bethesda, Md. I. James Young, and Stanley Muniak, Chicago 


Section of Neuropharmacology 
Afternoon Meeting, 2 P.M. Thursday, April 28, 1960 


Mona Lisa Room 


Chairman: Dixon M. Woodbury, Salt Lake City 
Secretary: Herbert L. Borison, Salt Lake City 


Acute Dilantin Poisoning Further Studies of Neurohumoral Agents on Patients 
George B. Theil, Ralph W. Richter, Malcolm R. Powell, with Vascular Headache 


and Paul D. Doolan, Oakland, Calif. Robert W. Kimball and Armold P. Friedman, 


Studies on Dilantin Metabolism Related to the New York City 
Treatment of Epileps 
Eugene W. Lowe. Jr, Chapel Hill, N.C. The Brain ACh-AChE-Choline Acetylase System in 
Respiratory Control 


Structures Involved in the Convulsive and Behavioral 
Bernard Metz, Charleston, S.C. 
Manifestations Produced by Me 
Peter Kellaway and Meyer Proler, Houston 


Action of 5-Hydroxytryptophan on Selected 


The EEG Patterns in Chronic Boron Hydride Intoxication Arterial Sites in the Brain 
Irving Hyman, Roger W. Cooper, and Catherine Williamina A. Himwich, Erminio Costa, and Harold E. 
Morrow, Buffalo, N.Y. Himwich, Galesburg, Ill. 


The Entry of Adrenal Cortical Steroids into the The Effects of LSDz; in Organic Disorders 
Cerebrospinal Fluid of Dogs 


Robert A. Fishman and Nicholas P. Christy, of the Nervous System 
New York City José Musacchio and Julius Korein, New York City 


Sections of Neurochemistry and Neuropharmacology 
(JOINT SYMPOSIUM) 


Morning Session, 9:15 A.M. Friday, April 29, 1960 
Mona Lisa Room 


SYMPOSIUM — FRONTIERS IN NEUROCHEMISTRY 


Moderator: William K. Jordan, Little Rock 
Secretary: Maynard M. Cohen, Minneapolis 


Introduction lon Transport and Metabolism 
Donald B. Tower, Bethesda, Md. Arthur Solomon, Boston 
Genetics and Nucleic Acids Cell Receptors and Galactolipids 
Christian Anfinsen, Bethesda, Md. Eberhard Trams, Bethesda, Md. 
Regul tion of Metabolism and Compartmentati Concluding Remarks 
Heinrich Waelsch, New York City William K. Jordan, Little Rock 
427 


| 
| 
| 
= | 


READ BY TITLE 


Influence of Limbic System After-Discharges on 
Conditioned Avoidance Behavior 
O. J. Andy and J. Mitchell, Jackson, Miss. 


On Pilzerection and an Instance of Pilomotor Seizures 
Associated with a Cerebral Tumor 
Irwin A. Brody, Guy L. Odom, and E, Charles Kunkle, 
Durham, N.C. 
Cerebrosides in the Treatment of Multiple Sclerosis 
E. Cotter and C. Van Buskirk, Baltimore 


Alterations in Blood Flow of the Forearm in Hemiplegia 
N. J. David, K. Tripathy, and A. Heyman, 
Durham, N.C. 
Initial Influence of Acute Hyperventilation and 
Hypercapnia on Cerebral Hemodynamics 
John F. Fazekas and John F. Sullivan, Boston 


Relationship of Serum Cholestercl to Cerebral 
Vascular Disease 


A. Heyman, E. H. Estes, Jr., and K. Tripathy, 
Durham, N.C. 
Alterations in Blood Gases and Ventilatory Function 
in Parkinson’s Syndrome 


A. Heyman, K. Tripathy, H. A. Saltzman, and 
H. O. Sieker, Durham, N.C. 


The Role of Subcortical Structures in the Production of 
Periodic Bursts in the Electroencephalogram 


Paul F. A. Hoefer, Stanley Lesse, Joseph L. O’Brien. 
and Frederick A. Mettler, New York City 


Leg Blood Flow and Metabolism in Neuromuscular Disease 


Mark H. Lane, Darab K. Dastur, and Louis Sokoloff. 
Bethesda, Md. 


Neurological Changes Among Children with 


Retrolental Fibroplasia 
William H. Timberlake, 


Boston 


SCIENTIFIC EXHIBITS 


Imperial Room and 


Acute Induced Hypertension in Quadriplegic Patients 
by Means of Urinary Bladder Distention: Correlation 
with Spinal Fluid Pressure, EEG, and EKG 
A. J. Arieff, S. W. Pyzik, and E. L. Tigay, 
Chicago and Hines, Ill. 


Facial Pain 


A. P. Friedman, C, 
New York City 


A. Carton, and A. Hirano, 


A Polychrome Atlas of Cross Sections of the 
Human Brain Stem 
W. J. S. Krieg, Chicago 


The Neurocutaneous Syndromes 
B. Nagler, Colony, Va. 


Drugs Used in the Control of Epilepsy 
E. E. Shev, San Francisco 


Indications, Technique and Results of Fonticulo-Sutural 
Craniectomy in Craniostenosis 
S. A. Ziemnowicz, Washington, D.C. 


The Occipital Approach to Deep Cerebral Structures 
for the Surgical Treatment of Parkinsonism and 
Dyskinesia 

J. Negrin, New York City 


The Surgical Treatment of the Extra-Pyramidal Disorders 
by the Use of a New Stereotaxic Device 
I, Perlmutter and R. E. Strain, Coral Gables, Fla. 


Expanding Frontiers in Parkinson Therapy 
L. J. Doshay, New York City 


Control of the Organic Hyperkinetic Behavior Syndrome 
in the Elementary School Child 
V. R. Zarling and J. Hogan, Minneapolis 


Mezzanine Card Room 


Arteriosclerosis: Cerebral, Systemic and Peripheral 
Forms in Man 
H. C. H. Fang, W. Schwartz, R. N. Baker, A. S. Rose, 
and U. Tomiyasu, Los Angeles 
Relationship Between Tone and Tremor in Parkinsonians 
and in Normals 
J. Brumlik, H. Wachs, and B. Boshes, Chicago 


A Simple Teaching Aid in Roentgen Anatomy of the Skull 
N. Edalatpour, R. J. Speaker, and W. N. Hanafee, 
Los Angeles 

Cerebral Radiorheography —A Method for Estimating 

the Blood Fiow Volume Simultaneously in Each 

Cerebral Hemisphere 
W. H. Oldendorf, Los Angeles 


Shallow Dives, Broken Necks, Permanent Paralysis 
S. Mead, Vallejo, Calif. 


The Fateful Months When Life Begins 
R. L. Masland, Bethesda, Md. 


Observations cn Myosin in the Abnormal Muscle 
Using Fluorescent Antibody Technique 
I. Klatzo and E. W. Emmart, Bethesda, Md. 


Observations on the Effects of Hypothermia on 
Experimental Brain Lesions 
E. J. Laskowski, Bethesda, Md. 


National Institute of Neurological Diseases and 
Blindness Grant and Award Programs 

G. H. Seger, Bethesda, Md. 
Surgical Considerations in the Treatment of 
Cerebral Arterial Insufficiency 


E. S. Crawford, M. E. DeBakey, and W. S. Fields, 
Houston 


Cerebral Blood Pressure Using Ophthalmic Pulsensor 
M. W. Thorner, Philadelphia 
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Brain, Memory, Learning: 

A Neurologist’s View 
by W. Ritchie Russell, 140 pp., ill., Claren- 
don Press, Oxford, 1959. $4.50 


This compact, well-planned book discusses the 
physiology and anatomy underlying memory 
and learning. The author stresses the impor- 
tance of tonic neuronal activity and the al- 
tered conditions of intracellular transmission 
to which it may give rise. Thus, in the case 
of retention of a skill learned early in life, 
the facility of exercising it persists even dur- 
ing years of “no practice” because the central 
nervous system continues to consolidate its 
acquired circuit patterns by the spontaneous 
discharges of the cells concerned through the 
network opened up when the skill was first 
acquired. In this way, then, the central nerv- 
ous system persistently practices its learned 
skills and other memories throughout life. The 
physiologic evidence for this view is presented. 

A consideration of the process of learning 
leads to a review of the work of Dawson 
(1958), who has indicated that a change of 
synaptic threshold is under control from high- 
er levels of the central nervous system and to 
the observation that the nervous system is 
stimulated to action by changes in the afferent 
pattern. The elaboration of the sensory input 
into the substratum of ideas, judgment, rea- 
soning, and concomitant affect requires the 
full range of cortical functioning. This concept 
permits the author to utilize a selection of clin- 
ical material for the purpose of illustration and 


REVIEWS 


inference and finds expression in the chapters 
on concussion, traumatic amnesia, epilepsy, 
and lesions of the hypothalamus and frontal 
lobes. 

What justification is there for the phrase 
“highest level of the brain”? The author asserts, 
“In an efficient and sane individual there must 
be a mechanism which ‘has the last word’— 
what psychoanalysts term an endophysic cen- 
sor—on what to do with all the competing 
afferents in C.N.S.” The author believes that 
intactness of the frontal lobes is needed for the 
manifestation of rational decision in man. The 
totality of the process seems properly still to 
remain in the field of metaphysics. 

This book reflects maturity of judgment. 
The author’s hope that concordance can be 
reached between the observations of Freud 
and those of Pavlov by adhering to basic 
physiologic and anatomic data appears to have 
credence. 


Neurological Basis of Behaviour 
edited by G. E. W. Wolstenholme and C. 
M. O'Connor, 400 pp., ill., Little, Brown & 
Co., Boston, 1958. $9 


This, a Ciba Foundation Symposium, is dedi- 
cated to the memory of Sir Charles Sherring- 
ton. The papers are presented and then fol- 
lowed by a verbatim account of the discussion 
by the various essayists in attendance. This 
free and easy colloquy proves to be especially 
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stimulating, reaching at times the borderland 
and metaphysics and engendering much differ- 
ence of opinion. The tenor of the book will 
gain approval from the neurologist, since it 


is devoted to placing psychology on the basis _ 


of neurophysiology. 

The authors represented are H. W. Magoun; 
J. C. Eccles, P. Bard and M. B. Macht; B. An- 
derson, P. A. Jewell and S. Larson; J. P. Brier- 
ley and Elizabeth Beck; M. Monnier and R. 
Tissot; J. Olds; W. Penfield; H. Kluver; P. 
Dell; C. P. Richter; J. D. Green; G. W. Harris; 
R. P. Michael and P. P. Scott; H. Gastaut; H. 
H. Jasper, G. F. Ricci, and B. Doane; J. L. 
Malcolm; J. Elkes; M. R. Rosenzweig; D. Krech 
and E. L. Bennett; and, finally, S$. L. Sherwood. 

In most instances, the authors present com- 
prehensive material in their field of interest, 
permitting the reader to acquire a broader un- 
derstanding than that permitted by individual 
journal articles. One of the distinct advantages 
of symposia such as this is that it enables a 
reader to bring himself up to date on the work 
of various investigators who summarize their 
data for him and offer illuminating comments, 
while the questions and the imaginative and 
at times uncritical statements made by the dis- 
cussers make for an informal and revealing 
experience. 


A.R.V. 


Cooperative Programs of Training and 
Research in Mental Retardation 


by Darrell A. Hindman, Ed.D., 160 pp., 
Antioch Press, Yellow Springs, Ohio, 1959. 
25 cents. 


This is a report on a survey study sponsored 
by the American Association on Mental Defi- 
ciency. It is hoped to promote more effective 
working relationships and stimulate more com- 
plete cooperative programs of training and re- 
search in mental retardation between residen- 
tial facilities for the mentally retarded and 
universities. The study is a detailed report on 
questionnaires circulated to determine the 
present state of affairs. The excellent source 
of material for study in institutions for the 
mentally retarded is stressed. It is important 
that the personnel of the institution take the 
leadership and establish good relationships 
with the university. Ideally, the institution 


NEUROLOGY 


should be located close enough to the univer- 
sity to allow all personnel concerned to utilize 
the research and training facilities of the vari- 
ous departments of the university, medical 
center, and institution to the fullest extent. 
For those planning a new institution or 
working in such an institution, this small mono- 
graph should prove useful. It may be obtained 
from the Antioch Press by professional work- 
ers in the field by enclosing 25 cents for post- 
age and mailing. 
J-P.R. 


Heavy Metals and the Brain 
by John N. Cumings, 161 pp., ill., Charles 
C Thomas Co., Springfield, Ill., 1959. $7. 


This small book, written by the chemical pa- 
thologist at the National Hospital, Queen 
Square, London, covers the effects of copper, 
mercury, and lead on the central nervous sys- 
tem. 

Copper is considered in relation to hepato- 
lenticular degeneration and represents nearly 
one-half (71 pages) of the book. A tabulation 
of all cases of hepatolenticular degeneration 
reported in the literature is given, and there 
are short chapters on historical aspects, clin- 
ical features, the Kayser-Fleischer zone, clin- 
ical pathology and histopathology, copper me- 
tabolism by the body, aminoaciduria, treat- 
ment, and theories of the mechanisms con- 
cerned. 

Mercury poisoning is very briefly (17 pages) 
considered. The aspects touched on are poison- 
ing by inorganic salts of mercury and by or- 
ganic mercurials and a discussion of pink dis- 
ease (acrodynia or erythredema polyneuritis). 
The section on lead is devoted to lead en- 
cephalopathies from inorganic and _tetraethy! 
lead. 

There is much that is useful in this book, 
particularly from the standpoint of a reference 
source. However, the reviewer finished the 
book with a sense of dissatisfaction with the 
uneven treatment accorded the 3 metals, the 
lack of critical appraisals in a number of 
places, and the omissions. In regard to the 
latter, there is a conspicuous absence of dis- 
cussion of the precautions necessary in studies 
of heavy metal metabolism or analyses for 

(Continued on page 22A) 
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anxiety and associated muscular tension... 
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WITHOUT distorting the patient’s outlook on life 
WITHOUT diminishing mental alertness 

WITHOUT decreasing physical dexterity 

WITHOUT dulling delicacy of perception 
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Presenting the work 
of outstanding authorities 


The NEUROCHEMISTRY 
of NUCLEOTIDES and 
AMINO ACIDS 


Co-Editors: Roscor O. Brapy and 
Donatp B. Tower, both with the 
National Institute of Neurological 
Diseases and Blindness. 


This is the record of a recent 
symposium of the Section on Neu- 
rochemistry of the American Acad- 
emy of Neurology. It includes the 
first detailed coverage of the roles 
and metabolism of nucleotides and 
amino acids in the central nervous 
system. The contents mirror the 
dual theme of the symposium: 1) 
current knowledge of the neural 
aspects of nucleotides and amino 
acids; and 2) paths of future in- 
vestigation which promise results. 
SOME OF THE NEW MATERIAL 
the biosynthetic roles of uridine 
and cvtidine nucleotides 
characteristics of neuronal poly- 
nucleotides 


® biosynthesis of phosphatide bases 
® the place of y-aminobutvric acid 
in neurochemistry 


dynamic aspects of metabolism of 
cerebral proteins 

Similarities to, and differences from, 
such actions in other body tissues and 
some non-mammalian systems are 
considered, in order to relate the 
observations given here to the spe- 
cialized functions of neural tissue. 


Published 1960 292 pages $10.00 
SEND NOW FOR YOUR ON-APPROVAL COPY 


JOHN WILEY & SONS, Inc. 
440 PARK AVENUE SO., NEW YORK 16, N.Y. 
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BOOK REVIEWS 

(Continued from page 430) 
them in body fluids, and no critical appraisal 
has been made of the data cited from the lit- 
erature, which might be distorted by past 
failures to recognize the necessity of observ- 
ing such precautions. One also misses a con- 
sideration of the actual neurotoxic mechanisms 
of action of these 3 metals. Knowing the ex- 
tensive background of the author in these 
fields, the reader might have hoped for a more 
definitive treatment that would provide an 
authoritative source from both the clinical 
and clinicopathologic standpoints. 


D.B.T, 


Cerebral Angiography in the Management 
of Head Trauma 


by Charles A. Carton, 157 pp., Charles C 
Thomas, Springfield, Ill., 1959. $7 


For years, “woodpecker” surgery has been the 
accepted method of exploration in patients 
suspected of posttraumatic subdural or epi- 
dural bleeding. While this technic reveals the 
lesion in most cases, some clots are missed. 
To increase the precision of diagnosis and 
minimize the possibility of overlooking a clot 
in an unusual location, some neurosurgeons 
have been making an angiogram on any pa- 
tient suspected of harboring an intracranial 
hemorrhage. By this means, a clear avascular 
area at the site of bleeding may be seen be- 
tween the cortical vessels and the overlying 
calvarium—a finding indicative of a hematoma 
or hygroma. This monograph is the account of 
the author's experience with this procedure in 
103 patients. 

Very well reproduced angiograms illustrate 
clearly the advantages of this technic. As the 
author stresses, views with the head in oblique 
planes may be needed to see some clots. 

The monograph presents a concise but un- 
usually extensive account of the world litera- 
ture on the subject. In tabular form, the au- 
thor’s cases are given in some detail. The ref- 
erences are full, and the index seems adequate. 

Although the monograph concerns essen- 
tially the technic of angiography and the re- 
sultant angiograms, it should be of interest to 
neurologists and general surgeons as well as 
to the neurologic surgeon. 


A.E.W. 
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PRELANTIN 


— 
a — 
even her fellow workers might not know—if her seizures are adequately controlled 
_ authors found about 75 percent of epileptics not only capable of work, but actually employed. — 
| 
erences: (1) Crawley, J. W.: M. Clin. North America 42:817 (March) 1958. (2) Lennox, W. G., & Cobb, S.. cited in Yahra aah ae 
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MEDICAL TEXTS 


DIFFERENTIAL DIAGNOSIS IN 
LOCOMOTOR DISORDERS 
KENNETH STONE 
1960 244 pp. illus. $5.75 


THE DISCOVERY OF REFLEXES 
E. G. T. Lippe. 


1960 260 pp. $7.00 
a 
NEURITIS, SENSORY NEURITIS, 
NEURALGIA 


ROBERT WARTENBERG 
1958 444 pp. illus. $8.50 
a 


SYMPATHECTOMY: 

An Anatomical and Physiological 
Study with Clinical Applications 
P. A. G. Monro 
1959 380 pp. illus. $17.25 


DISEASES OF THE 
NERVOUS SYSTEM 
Fifth Edition 
Sin RussELL BRAIN 
1955 1014 pp. illus. $12.00 


PSYCHIATRIC DICTIONARY 
Third Edition 
LELAND E. and 
Ropert J. CAMPBELL 
1960 798 pp. $17.50 


MEASUREMENT OF 
SUBJECTIVE RESPONSES: 
Quantitative Effects of Drugs 
Henry K. BEECHER 
1959 496 pp. refs. $12.75 


Fits any 2”x2” Standard 
Viewer or Projector 


NEW RELEASES 


3-1A The Normal Skull of Infants and Children and 
Congenital Diseases of the Skull 50 Slides 
3-1B Congenital Diseases of the Skull of Infants and 
Children (continued from Set 3-1A) and Trau- 
matic Disorders of the Skull 50 Slides 
by Jonn W. Hope, M.D. and Associates, 
The Children’s Hospital of Philadelphia 
1A Intracranial Calcifications (Part 1) 51 Slides 
-1B Intracranial Calcifications (Part 2) 52 Slides 
Compiled by J. Hopes, M.D., 
R. L. Tonpreav, and J. pe Moor, M.D., 
Hospital of University of Pennsylvania 


Price PER SeRies, $16.50 


ORDER DIRECT or WRITE for complete description 
of above series, and catalog of others that are available. 


MEDICAL FILM SLIDE DIVISION 


X-RAY RECORDER, INC 


MICRO 
3755, W. Lawrence Chicago 25, ‘Minois 


UNIVERSITY OF TORONTO 
Faculty of Medicine 
Postgraduate Course in 


ELECTROENCEPHALOGRAPHY 


A full time course extending over a period 
of one year is offered. The first six months will 
be directed to the theory and practice of elec- 
troencephalography. The second six months 
will be devoted to obtaining practical experi- 
ence. During the first six months, seminars on 
Neuroanatomy, Neurophysiology and Neuro- 
pathology and the theory and practice of Elec- 
troencephalography will be offered with inter- 
pretation of records in the University Teach- 
ing Hospitals. The curriculum fulfills the re- 
quirements of the Board of Qualifications of 
the American Electroencephalographic Society. 

The course will commence on September 
Ist, 1960 and will be limited to twelve candi- 
dates. Only six candidates can be accepted for 
the six months of practical experience. The fee 
for the six months’ didactic portion of the 
course will be $500.00 (Canadian Funds) , and 
registration as a postgraduate student, with a 
fee of $5.00, for the remaining six months of 
the course in Toronto. The second portion of 
the course cannot be taken before completion 
of the first. 

For further information and applications 
write to the Division of Postgraduate Medical 
Education, Faculty of Medicine, University of 
Toronto, Toronto 5, Canada. 


OXFORD UNIVERSITY PRESS 
New York 16 
24A 


AN OFFICIALLY APPROVED INSTRUMENT 
HAS ALSO WON APPROVAL. 


for 


UNEQUALLED EASE 
OF OPERATION 


in 
A.C. SHOCK THERAPY 


SAFE 


The Mot-ac u, provides the highest degree of complete electrical 
isolation, by far exceeding official code requirements, to assure the 
maximum in safe operation. 


EFFECTIVE 


Clinical results have been uniformly excellent. Side effects are auto- 
matically reduced. The MoL-ac 11 is acclaimed internationally by lead- 
ing physicians and institutions. 


AUTOMATIC 


The Mot-ac 1 provides a highest initial current to initiate seizure 
— with an automatic reduction to safe low voltage in every case. 
nstantly and automatically re-set for repeated treatments. With the 
MoL-ac nl, doctors report they are now certain of full seizure each 
treatment even with large doses of muscle relaxants. 


EASY TO USE 


Controls are simplified — one 3-position current intensity dial and 
one treatment switch. Just plug in ordinary AC current and the MoL-ac 
11 is ready for immediate use. The Mot-ac 11 has a handsome walnut 
case. Attractively priced at $100.00 complete with finest physician’s 
bag of genuine leather and attachments. 


DURABLE 


Ingenious design with only one moving part. Remarkable freedom 
from service requirement. 


Reiter leads in progressive research. 
REUBEN REITER, Se.D 


64 WEST 48th STREET, NEW YORK 36, N. Y. 
Visit us at Booths 94 and 95 at the APA meeting. 
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DEPRESSION 
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— 
tiveness and low toxicity of this simple tablet therapy. 
SUPPLIED: Orange-coate¢ tablets, each containing 
: 1. Thal, N.: Dis. Nerv. System 20:197 (Pt.1) 
1959. 2. Sainz, A.: Dis. Nerv. System 20:537, 1959. 3. Sainz, a 
Ann. New York Acad. Sc. 80:780, Art. 3, 1959. 4. 
ders, J. C., Kline, N. S., et al.: Am. J. Psychiat. 116:71,1959. 
5. Arnow, L. E.: Clinical Med. 6:1573, ¥ 
Med. 6:1579, 1959. 7. Dunlop, E.: Rhode 
Island M. J. 42:656, 1959. 8. Sarwer- 
Foner, G. J., et al.: Canad. M. A.J. 
81:991, 1959. 9. Hobbs, L. E: Virginia 
Med. Monthly 86:692, 1959. 10. Dun- 


Yew agent for parkinsonism 


brand of biperiden 


PARKINSON’S DISEASE 


postencephalitic — idiopathic — arteriosclerotic 


DRUG-INDUCED EXTRAPYRAMIDAL DISORDERS 


parkinsonism — dyskinesia — akathisia 


MUSCULAR SPASTICITY NOT RELATED TO PARKINSONISM 


ACTION Frequently diminshes akinesia, rigidity, and tremor 
with subsequent improvement in coordinated move- 
ment, gait, and posture. Masklike face disappears. 
Salivation and oily skin are decreased. Oculogyric 
crises are often lessened in intensity and frequency. 


SIDE EFFECTS Minimum (mainly dry mouth or blurred vision). 


DOSAGE Individual adjustment of dosage is necessary in all 
instances. Dose range extends from 2 mg. te 24 mg. 
daily, in divided doses. 

AVAILABLE Supplied as the hydrochloride salt, 2 mg. bisected tab- 
lets, bottles of 100 and 1000. 


Complete information furnished upon request. 


KNOLL PHARMACEUTICAL COMPANY Sev 


(formerly Bilhuber-Knoll Corp.) 
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N FW S LETT FR AMERICAN ACADEMY OF NEUROLOGY 


Augustus S. Rose, M.D., President 

A. L. Sahs, M.D., President-Elect APRIL 1960 
Joseph M. Foley, M.D., Vice-President 

Robert Utterback, M.D., Secretary 

Charles M. Poser, M.D., Treasurer 


AAN Membership Committee The Academy Membership Committee, 
Seeks Active Members Eligible Richard L. Masland, Chairman, wishes 
for Fellowship the names of AAN active members that 
might be qualified to be Fellows. 
According to the AAN Constitution, Fellows are defined as "members 
elected only from among persons (a) who have been certified by the 
American Board of Psychiatry and Neurology in neurology and (b) 
whose chief interest is directed toward the field of organic 
neurology whose clinical practice is limited chiefly to neurology." 
In general, the title of Fellow has been reserved for full time 
academicians with senior appointments or those who have contributed 
Significantly to research. Therefore, all active members are urged 
to scan their membership list for the names of active members whom 
they would recommend for Fellows and to forward same to Dr. Richard 


L. Masland, National Institute of Neurological Diseases and Blind- 
ness, Bethesda 14, Md. 


Advanced Training in’ The National Institute of Neurological Disease 
Neurologic Disorders and Blindness has announced a special trainee- 

ship program open to physicians and basic sci- 
entists for advanced study and research training in neurologic and 
sensory disorders, either in the United States or abroad. To 
qualify, candidates must have an M.D., Ph.D., or equivalent degree, 
three years or more of postdoctoral training, or experience in this 
field and must be American citizens or have filed a declaration of 
intent. These awards are given for periods of not less than nine 
months and not more than twelve. All awards may be renewed up to a 
total of sixty months. Stipends are determined individually and 
will range from $6,500 to $17,500 a year. Application may be made 
at any time. Information and application forms may be obtained 
from the Chief of Extramural Programs, National Institute of 
Neurological Diseases and Blindness, Bethesda 14, Md. 


Neurology Academy The First Congress of the Japanese Academy of 
Activated in Japan Neurology (provisional title) will be held in 

Fukuoka City on April 15 and 16, 1960, under 
the presidency of Professor Shibanosuke Katsuki of Kyushu Univer- 
sity. The new Academy, dedicated to a sound development of 


clinical neurology in Japan, stems from the efforts of a group of 
medical neurologists working under the inspiration and leadership 
of Professors Shigeo Okinaka of Tokyo University and Katsuki of 
Kyushu University. A preliminary organizational reunion was held 
in Tokyo last fall under the direction of Professor Okinaka. To be 
highlighted in the coming April Congress of the Academy is a 
Symposium on multiple sclerosis in Japan and a special address on 
the historical foundation of clinical neurology. 


Peristein To Give Course The Cook County School of Medicine an- 

in Neuromuscular Diseases mounces a two-week intensive course in 

of Children neuromuscular diseases of children which 
will emphasize cerebral palsy and be given 

by Meyer A. Perlstein (June 20 through July 1, 1960). The course 

is designed for neurologists, pediatricians, orthopedists, and 

psychiatrists who are interested in the care and the treatment 

of children with neuromuscular handicaps. The course includes 

visits to demonstration clinics and treatment centers and will 

highlight the practical clinical aspects of treatment and rehabili- 

tation procedures. The fee is $250. Early applications are 

advised. For further information, write to John W. Neal, Regis- 


trar, Cook County Graduate School of Medicine, 707 S. Wood Street, 
Chicago. 


Myasthenia Gravis Foundation The Board of Directors of the 
Announces the Award of a Myasthenia Gravis Foundation of New 
Traineeship Program York has announced the creation of 5 

summer traineeships of $600 each dur- 
ing the year 1960. These traineeships are to be known as the Dr. 
Henry R. Viets Student Summer Traineeships in Myasthenia Gravis. 
The deadline for the receipt of applications is April 15, 1960. 
All applications or inquiries should be sent to Dr. William S. 
Fields of the Department of Neurology, College of Medicine, Baylor 
University, Houston 25. 


Himwich Announces A. E. Harold E. Himwich, Chairman of the Com- 
Bennett Award mittee on Awards of the Society of Bio- 
logical Psychiatry announces that an annual 
award by the Society has been made possible by the A. E. Bennett 
Psychiatric Research Foundation. The annual A. E. Bennett Award 
of $500 will be given by the Society of Biological Psychiatry to a 
young investigator for an original work recently performed that has 
not been published. The winning paper will be presented at the 
Scientific Sessions of the Society's 1960 annual meeting and will be 
published with the proceedings of the meeting in Biological 
Psychiatry, Volume III. The honorarium will be awarded at the 
Society's annual banquet. Candidates need not be members of the 
Society of Biological Psychiatry. They should submit their papers 
in quadruplicate to Dr. Harold E. Himwich, Chairman, Committee on 
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Awards, Galesburg State Research Hospital, Galesburg, Ill. The 
deadline for manuscripts is April 30, 1960. 


New WFN Commission Formed On November 28, 1959, 10 scientists 
representing national neurologic 
societies from 10 nations convened in Bern, Switzerland, under the 
chairmanship of WFN President Ludo van Bogaert for the creation 
of a Commission (groupes de travail) of Comparative Neurology and 
Neuropathology within the framework of the World Federation of 
Neurology. Those attending were L. van Bogaert, E. Frauchiger, 
R. Fankhauser, and Lugenbiihl (Switzerland) ; F. Liegeois (Belgium) ; 
Drs. Scholl, Schulz, and Seitelberger (Germany--Prof. Cohrs was 
unable to be present); S. Yamagiwa (Japan); W. J. C. Verhaart 
(Netherlands) ; E. Barboni (Italy); W. J. Hartley (New Zealand) ; 
W. C. Miller (Great Britain) ; and J. R. M. Innes (U.S.A.). After 
an opening address by President van Bogaert, Professor E. Frauchiger 
of Bern was elected Secretary of the Commission. Among the broad 
objectives of the Commission are the promotion of research in 
comparative neurology and neuropathology; an introduction of its 
work and findings to the programs of neurologic congresses and 
symposia; the advancement of scientific and personal contacts of 
its own members with members of other neurologic disciplines; the 
establishment of a distribution center for the dissemination of 
information and material; and plans for the production of a sci- 
entific periodical in collaboration with the WFN Commissions of 
Neuropathology and Comparative Anatomy. The meeting ended 
(November 29) with the presentation of scientific papers on 
"Myelomalacias in the Pig" (Schulz); "Spinal Cord Lesions in 
Animals" (Innes) ; "Some Neurological Disorders in Sheep in New 
Zealand" (Hartley) ; "“Ataxic Condition in Horses" (Miller) ; and 
"Studies on Meningiomas in Cats" (Lugenbiihl). 


Donation Made to National The National Neurological Research 
Neurological Research Foundation Foundation of Washington, D.C., has 
announced the award of $24,000 
from the Charles E. Merrill Trust to support their active fellow- 
ship program in basic neurology. This grant, according to the 
policy of the Foundation, will be awarded directly and completely 
to an eligible scientist interested in undertaking basic studies 
in the field of neurology considered in its broadest sense. 
Members of the Foundaton's Scientific Committee are Raymond D. 
Adams, Edward M. Dempsey, Louis S. Goodman, Seymour S. Kety, Oliver 
Lowry, Horace W. Magoun, James L. O'Leary, and A. Earl Walker. 
Communications should be sent to the National Neurological Research 
Foundation, 3255 N Street, N. W., Washington 7, D.C. 


Briefs H. Houston Merritt is President of the Section on Neurology 
of the Thirty-fifth Anniversary Congress of the Pan American 
Medical Association to be held in Mexico City May 2 through ll, 
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1960. About 5,000 physicians from the 22 American nations are 
expected to attend this Congress in honor of the Mexican chapter. 
It is predicted that this meeting convening under the slogan of 
"Medical Ambassadors of Good Will" will be the largest inter- 
American Congress ever held....The Second International Conference 
of Human Genetics, to be held in Rome September 7 through 12, 

1961, is planning a Joint Scientific Session with the Seventh Inter- 
national Congress of Neurology on neurology, psychiatry, psy- 
chology, and genetics....The scientific program of the Eighth 
Annual Symposium of the Houston Neurological Society (March 10 
through 12, 1960) featured pre- and perinatal factors in neurologic 
disease and the pathogenesis and treatment of congenital hydro- 
cephalus....The Twenty-eighth Annual Meeting of the Harvey Cushing 
Society will be held at the Fairmont Hotel, San Francisco, April 13 
through 16, 1960....0n January 16, 1960, Julius Hoffman lectured on 
"Medico-Legal Aspects of Injuries of Head, Face and Neck" and par- 
ticipated in a demonstration of medicolegal trial technics before a 
group of physicians and lawyers attending the regional meeting of 
the Law-Science Academy of America in Columbus. The meeting was 
sponsored by the Law-Science Institute of the University of Texas. 
---A versatile participant in the program and activities of the 
Second Cuban National Congress of Neurology and Psychiatry and the 
Second Annual Reunion of the Caribbean Neurosurgical Society held in 
Havana January 12 through 16, 1960, was Professor Henri Gastaut of 
Marseilles....John R. Green announces that the construction plans 
of the Barrow Neurological Institute are nearing completion. 
Ground breaking ceremonies are expected to take place in June or 
July 1960....Pearce Bailey has been elected honorary member of 

the German Society of Neurology (Deutsche Gesellschaft 

fiir Neurologie)....Peter G. Denker was recently appointed Director 
of the Neuropsychiatric Service at the Lenox Hill Hospital in New 
York City....The distinguished neurosurgeon and scientific states- 
man, Winchell McKendree Craig, 68, who last November was appointed 
Special Assistant for Health and Medical Affairs to the Secretary 
of Health, Education, and Welfare, died last January at the Mayo 
Clinic after a brief illness. 
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To facilitate psychotherapy in the emotionally disturbed child, and to enable 
him to lead a stable life during such therapy, adjunctive treatment with Prozine 
is often advantageous. In reporting on 176 disturbed children who received Prozine, 
Ehrmantraut et al.' found that 85.8 per cent showed moderate to marked improve- 
ment in behavior reactions and adjustment to ins‘itutional care. 


Prozine, designed for the treatment of moderate to severe emotional disturbances, 
helps control psychomotor agitation as well as anxiety and tension. 


1. Ehrmantraut, W., et al.: Scientific Exhibit Presented at the District of Columbia 
Medical Society Meeting, Nov. 24, 1958, Washington, D.C. 


Wyeth Laboratories Philadelphia 1, Pa. 


controlled: an acute behavioral problem 


PROZINE 


Wieth meprobamate and promazine hydrochloride, Wyeth 


® SPECIFIC CONTROL THROUGH DUAL ACTION 


A Century of Service to Medicine 
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CANCER 
INVENTORY 


Cancer Sot andthe National Ce 


The conference theme is “Changing Concepts 
By providing suCN Oppo nities TC 
the Society’s Professional Education program 
3 
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complete integrated facilities for 
ELECTROMY OGRAPHY 


2 SINGLE CHANNEL EMG with two-channel magnetic 
tape recorder for recording notes 
Model VE | and EMG simultaneously. 


© TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 
tials or of one potential together 
with a related physical param- 
eter such as force or pressure. 


Model TE 2-7 


® Automatic controls and new circuits provide simplified 
rellable operation without shielded rooms in most loca- 
tions. © EMG potentials faithfully reproduced by special 
recorder circuits. ® Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


TECA Write Pain 
CORPORATION New York 


If you Change Your Address or Are Planning to Move 
Won't you please notify us as far in advance as possible. Send your old 
address together with the new. 


Copies mailed to your old address will not be forwarded by the Post Office 
unless you provide the Post Office with the forwarding fee. 
Send your change of address to 
NEUROLOGY 
84 South 10th St. 
Minneapolis 3, Minnesota 


HALL-BROOKE HOSPITAL 
An Active Treatment Hospital, located one hour from New York 


Accredited by:The Central Inspection Board of the American Psychiatric Association 
The Joint Commission on Accreditation of Hospitals 


HALL-BROOKE, GREENS FARMS, BOX 31, CONN. 


Telephone: WESTPORT CAPITAL 7-1251 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Albert M. Moss, M.D. 
Louis J. Micheels, M.D. 


Robert Isenman, M.D. 
John D. Marshall, Jr., M.D. 
Edward M. Keelan, M.D. 

Peter P. Barbara, Ph.D. 
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GRASS 
MODEL 


IV-S 


EIGHT CHANNEL 
ELECTROENCEPHALOGRAPH 


@ Eight channel console 28” long, 23’”° deep and 40” high saves 
space with no sacrifice in quality or performance. 


@ Amplifiers identical with Model IV-A. 


@ Choice of %” oscillograph spacing (6” paper width), or 1” spac- 
ing (8” paper width, as in Model Ili-D). 


© Increased mobility for ward and/or operating room service. 


@ Meets American Electroencephalographic Society specifications, 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 


- 


1935 
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Nervous 
patrent 


relief comes fast and comfortably 


—does not produce autonomic side reactions 
—does not impair mental efficiency, motor 
control, or normal behavior. 


Usual Dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar- 
coated tablets or as MEPROTABS* —400 mg. 
unmarked, coated tablets. 


meprobamate (Wallace) 
® 
i) WALLACE LABORATORIES / New Brunswick, N. J. 


cM-8284 
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for those with 


PARKINSONISM 


@ decrease rigidity 
decrease tremor 
@ increase agility 
@ improve gait and posture 
w elevate mood 


reduce sialorrhea 


Smoother activity, 
and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


*‘Kemadrin’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000, 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N. Y. 
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